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Preface 


Taa BJiuan oi thk Atlaa ivas pulilislaed ia the year I SIO. The wrork wftjjprim^ply dcjiijfneti for thgies 
teleacoputi whose iuHtmtiicuta are moiintBd either on alt-aximuth, itanda or as eq^atonali without gradoated 
cirvletf. It waa aUo inLended to be uacd as a companion to Webb'a InvnlonJ^le Qbjrctv for Common 

Telo3oO|M^^' and odmimlik ''^Cyole of CelefitiuJ Object^/* both now oot of print, and unobtainable except in 

utronoinical ItbrariEfl, PrnctieaJlj ail tho objects eoutalned in the latest edition* of these two work®, down m and 
ineEnding itani of the Mvonth m^nltude, are shown In the maps, nlio Beveral ffintor objects of partiooter toterrat^ 
Owing u> the plan and arrau|;ement of the maps, and also on mcoonnt of the large Overlap, a view of about one^ 
fifth nf the enttre Ibeaveoa li ahowu on one folio, and no constellation Is inconveniently broken up. The diatortioD 
li «ligbb oauiideriiig the largo area represented. Altogether the cliarts indicato the position* of O’rCr 8,400 siarv 
and 600 nebnisj. Bright variable and red ntan are indicaterl liy a ninal] "'r^and b " rcmpectively* but double 
stars could nut be limilHriy lettered without HaortlioiDg the clearness of the mapH. For parttclijara of these object*, 
Tnferwice ahould be made to the lists on. the back qf the map* and to " Webb*^ and Smyth.'* 

The Qtiderljiag Idea baa been to furnish both the amateur observer and the general reader with a reference 
book bo whieh he can turn for an cxplanatioa of unfumlliar terms—obsen'ational terminology especially being very 
inadequately dealt with in toxt^booka These explanalion* are nweacarily mnch compraBsed, bat it i* bapnd they 
are flulJietently eomplcte for the required purpose. Sources of fuller information are often givdm 

The CunxbelLatioa lioundaries used are those prepared by Mon& E. Delporte, and adopted by tbs' International 
ABtronomical Union in 1830, The epoch of Mons. Delporte’s boundaries i* IfiTfi, anti by 1850 tbo ebongn of their 
pomtiona in R A. and DeCr, due to 76 year* of precession, is appreciable^. With rtspuct tu the ntaira thamselves the 
poiitiona of the iKmndAFtee always remiJn usalLered. 

The 9tb and aubsequent editioni contain completely re-drmwn ebarta for the new ataudard epoch l&fiO. The 
Index Map and Galactic Charts which, having R.A. and Dee. line* as well a* galiwtio ro-ordinateii, will bo be-lpful 
in galactic studies. These are atlU leased on the pre-lSfiU syetem of GalaeMo Coordinate as not only were the map 
npriDtad only a week liefore the Moscow annouiicement of the impnding ohsaigc! of basis, but the major nLangos 
that would be involved In their cunvenaion to the new baais could not be done at sbort notice, 

All the main features of the 198(0 epoch maps have been retained, but with certain albcrabioiis;— 

[а) Stars from the Biwisod norvard Fbotciaetiy down to magnitude ai39 have been oh4wtwl. In thn oTiguiaJ cdiEian 

of thka work, the star iilouea were taken mainly ftnra fJouxeanV Uranmniitrlfl Gdtukala" A careful trampiiion 
of the maguitudea of Hanzean'B faiator naktsd-Htye Btoru with tho saiae atom iusludoJ in ibe H.H. JUid its Bnpp]e> 
jnsiit, nhownd tbpit tdiMuy of Ilia MtMOt are pkeed at a lower, anmeUmea a much lower magnitude than ft-Sfi eu thn 
Harvard wale, Such uto™ Lstd new jjenEriiJIy becii omittod. Qb the other Imud, many Harvard atorn, not in 
HonsBau, have been ioscrted, as well aa several ndditiofioJ donble atsre from visTiaiui aonroefL 

(б) All nehukc, except those of M«*ierand those clsanecl by HcnKhel (mx p. SB), have now ceoeived the K.G C. number*, 

(e) Variable spua which nvuih at tbnir tiiax.tm[im ijrightit^ the 6th or Ttii magnitude, have been indicated b tbn map 

by autiill circinb 

fd) The Galactic Equator and Polea now adopted ate those moommciitied by tbe Interuatimial Astronomical Uuinn, 
prior to the iBoB Aseotubly, and dil^ Hlightly in {^KJiition frtnn those whbb have appeared b the carliar map 
The Milky Way is in many plaoen extremely ccimples, varying macit iti hrightnua, with cloudy wisp of light, dark 
spaoes and dark windiug lanea No KEnglc-lint repreMiitatiuD, euofa a* ia used in this atlas, oin satiafootorily 
n!|>resi3Ut it j but the outline of Prtwtor ^ Ejoeo fuHowed, for it dosi at least indicato the geonral p4»itloii of the 
Milky ^V^ay and also auggest* ita iMUaptexity. 

ffl) Uio Abiirevtaticiu Liirt printed in tliB msygini- of the TaSh nmpe was nreeauftrily limited. It ba* heeti HiijiefHotIcd 
by the oomplote List of AbbruvUtion* given uo pnge ppocoding tho ebarta. 

(/) This Fourteenth Edition oonlain* the now dofinitlcin nf Galactic Longitndn and the new hoais of the coarditiate 
HyeUrtn, as wbll tu the revliHd poeEtlcm of the north galsotit, [lolft, as de(#rmiDed hj a Commission Mt up by the 
I.Air. Aseemhly, l&BEti, by the courteny of, and fiu&i lufurnkatieu kiudly supplied by Dr. J. L. Fawscy. 

Mr. Arthur P. Norton dind in 1MB, and several changm made on the so^stioij of 1 >t. E. A Baker, F+HHBRt tb* 

Bttyol Obttervsioryt Edinburgh, haTO boon moludod tu editions ptiblisbod eub^qutnt to that date. Dr. Bakor hoa rewritten 
p, vii and supplied now IJOle* and tJOTTeotdoqa, as well as E.ba ahert note Wslatrtn to Esdio AatroUofi^ QU p. 13. 


EniifEuims, 

April, 1&69, 
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ASTHOJfOMCAl CATAlOOirSE, CUAHTS, A:. 

STANDAKD SOURCES OF REFERENCE. 

(Poi¥ p&B p th). 

With the prQ,g;T«aBi ot a^tmnoiu^ the dtindiird reference lietirceB below nveiy at anj tioie b? tiip¥rfi£;drd and 

now reeoguised contiactinim Sueii ehangee are fwi'catst in the triennial Tr I.A.tJ^ : a more eotieiQC teeonat 

cf adTaactod in ofltronitmf la givoa In the Jnnutii H^pitrl, M.K.R.A.S. 

Blhlio^raphT-—.Sinnaiurlfla of Aatrornunlcnl pabliaatiorn are fivon hi Ahtifvitcii (formsrlf .Siswinetf jifiwfntfeifii) (from 

1309} 1 AttUatin AiinttiOnitqm ■[fi^>iit I ^^4); and detronemlfc^ Jahi^hcrk/tt (from 1809X The lut minimi contmum the 
aiimrruihiriaai in (frooi IStlO). Per puhliratLotu pHar to 1^:2 Uoua&Ba'e Fuefe irurum fToM^wiitmUi ta uaeful. Yary iHLri? 

wnrtc* eouetilllH rererred to by their TLambem in |jkln.iifte"Ei Bibliograpfiit (19^13). 

Star Peoitioafi,—fjdb&lisgujtiai of the poaitiona of stara idat he divided into (a) iiUr Ltata or DurcAmtiaferiin^n, liko the B.D » 
tfad C..D- iu]d tha C.PD., aerring puniLy for iJunttfleatiott ^ (£j CatnJoguEs fottiiDd from oibQurratfDtLa near a ttingle cpoclj^ e,g.i 
the 'A^Q. (or A.<J.i£Ll) as]d the and (a) OtmoraJ. OtaliJlfii-Ba, forniEid from olHarrationa BjtHmJing orw luany docados, pving 

both padtionaand proper mditionA, aa tha G.O. nod the A.G.K.9L From h)44 iwaitione and proper luotioint have I’peeu teferred 

tu tha iff tbe F. El. 3 —the appikrnnl plumi isf tha F.K, H ataTa Ora p0.bi1iah-Dd atinitul lj- in Apparent /Vtiiinf J^if7i4amtiJiial 

Sioi^. Sttny of then ploCM ftlao appear In the vanoita nationa] ajihamiiriUefi. Tills fnijdaniarita] eyRtom ran.^ iwnuo iie replaoodl. 

Proper Motiona.^TlKwe given iti General CauloKuw are collected to 103ff in tha E. b.L. A Cate/iegHn of t^lar* ^trilh JWjSftr 
MoiiBJu (FA p 0 r aantem waa pnhliabeil at Lund in 1955, 

Magnitude^ aed Cotoora.—Tha ataiiJanj AIjWA PfiUr (phnto} nmwl and pbrntograpMc magn itndes (ILA. 761 ^ 

kniiwu te bo approoiably in em?r. Fmpawxi ioteidm valiiae are givao in Tr,l.A.U., 9^ lO&lL 

SpoctrmJ Typea.'^The Dmjier daBsiflcatlDii (p. 10} houi been di;vctu]^>ed' farther at the Verkea Obeervatary. The etaodard 
apectrn, are given aa phoctlgrapbie lihutrationa Hn anV^rfoj Jfoi^eir,f AYrnon and KellmaH and do not lend IhetOKlvra to 
verbal de«cripEioe. A ayatem of elasaihoation Itivi al^o hcflfj. developed At I>.A.O. baaed on the ueaHured atnmgtha nf Eoleeted 
linea and li referred to »» thn Yietorla ayateni. 

Td^onometrical Parallaxes.—Yale Ctitalcgtie of TriQinkatRetnait Bttflitr ParaltoA-m, 19SS, 

Absoluce Magnitudea and Spentroscnpic Ma^tudes. The Yericw and Victom spectral typaa givo eatimated AlMoluto 
magnitudiUj and betiee, with ati alinwajn^ tor the abwirptlon of lig'bt in niHUTe, the oertnapending apoctroBceipic ];karal|aae«. 
Seeatao pp. 14, 17. 

Radial VelocittHi—Wihon^e (/fjfeml Catfdii^np o/ Yefivrifi'ai, (ML Vt\ PapEfx, &, 16fiS.) 

Dorabk Storo.—The and the ^.D.S. are Lkdy to bo mpboed by a gEneral caiologun haned oti tlw card catalpjpiea of 

double atara at the Liuk and Juhatiliosbttrg Obs6mi.toriE!a. .Mi^oro and Nonl^inieFi FiflA Cutul^m cj Speeti'Otft/pie Bintirtet 
r 19471 fa also likely to be rnplatied abortly by a Hiitb (^taTogno in prepam^oB at D.AO. 

VaHable Stars.—KitkiirlcLn and Parana^Va FaruxAf# AVan, is boi&g k^pt up to date by the isetits 

of aupplomonta Schlinlture itnof Litnmttsr dAr IlcpanJ^rfirA^ji ^(rfrjM givoa raferonoos to oliwn'iatirjtift. Wilb tbo 

introduotiim of phoISQisLwitric raatbnda, work on puffing U progroHing rupidly, aiiii refiirance muift he niaito to the 

tiD{Mns of Gomniiiaiofl 42 of the LAT- 

Nobnlfi! and CEuitera.—The moat procniMut &ra llstod in X.G.G.^Hnpplenientod by I.G. (1 & II)* 

Plan af Selected Areas. —[nfomiatinn aboat thu fjuiitcr Stora Ea ubtuiiicd by taking eampln, a proocev begun by EEir W. 
Herao^hd in bb Sear (Star Cotmte}, Kapteyn'a Arnoi oomprtaciii a %irtrwiirii^ /'fem of unltormly 

dlstributod aniae^ and it Spedat Pitin of arwo ooieoted to cover unusual atnr diatrtbutioba* The chief imblEcaticns arc ThtrrJi- 
nualrrUrtfii o/l^rr Shf^em^He ^vUctad ArMtf (H.A. IDl--t03}; 7>ra^in'U«(rr'KnJ} c/ rAyi Speeiai Arta* (Kaptnyn Laboratory, lEirig) ; 
Jfl'. iFttoon Ctitalaqiu PhatogrOpkie Mapnit^nt in S^mud ArAan l-iS9; Stackh^fm o/ fAr MvAUti drtw*, giving 

magintndeia iind coloURi! aud the (Sorthorn Areas) and (Soutlieni Arotta) spiktva^l Jhinknmtitnintj Giving 

spoetrol tyiica 

SteElar Wavndctigtiis,—MntrilLa vftkr, Ghrmkai ELsmeUtt i» Atttvmrmintd Sptctn^^ WaBbingen* t95fl, 
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Tbo charta by Xortou, Beevar and Franklin-Adama wtor the whcln nky, TTih Eonn obarta cover the Ncrthcru b«iiliipherfs 
the Cordoba Cbarta from — 2Sr to the South Polo, and the NationJil Otograpbic loBtituto-Fklomar Sky Survey charta frnm the 
North Pda to -S7*. The Carto du Cint ( Aatrograplijc Chart) woh intoudrd to covarthu wholodiy but i« incoiupkUt Eag«(ti''a 
Atloa Stellamin VAriabillain b deislgond tor viauial obscrvatione i>f edccEed variable etora. The Wolf^Pidiiia. Charta are of 310 
gOlaclda oreofl. 

The Solar Sfubeni.—Fen- tba-aourefia of the aalar, lunar and planeUry podtiona and inirfaceoi>yrdsnttto«the eiplotiatofy 
matter of a luLtli^tinl aunual ephemcne eueb oe the N.A. or A_E. Bhould bo eonHulttKi 

Solar SpectractL—A rc^jmvbiioii of of boIot wavclcngtlLB ia in preparatioo, /Viofcniefri'c AtfaiCM —^Minseit, 

Muldera nmd Houtgaat (Gtrooht}, Wl3il3-Mft77l : Illc-Hatb-Huliii«j% ; Jitg^ttoand otbemfSot Roy. Llegtf), 

Lcmar SBrfajce.^iYaitJtad Litmar F^rmaiAm* (M Ciller and Blofift). A rocetit map ii that of WilMna and Moom. 

Ptanetary Sudacci.—B.AA Memo, and Eeporta of the FLuuetory Scctiona 

Coffltta—YatdLiuiioto^B Om^ral Cuttdotpn af Gomfitt (with auppleiiieiito}< Swings ood HoseFa AiUt* e/ R^trtmiatiiNt 
ConuCar^ Spectra, 

Minor PlanetB^—Amaitof EphfitfKridiM by the Inetituto of Theorotioal Aatronomy^ LcniiigriuL (Engliab tranBlation of Uie 
BuaBLUi Tnxt by Minor Planet CoOtre, Ciucinnati,) 
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A^mnomleaL Soelstlaa, Piibllaatlons.lt5-—CfmtraetiotHi coctunonlj mied- ScaiHiMTl E50[it»otjop» 

For * list <jf OfliiisnJ Contmctianjii, an d thoM for PIjusj*^ Heft Tuna. I.A.U. 10S8. 
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A.A.hl. Ameriom Aatrommaiuikl SoeLoty. 
A-A_V,S.O. Anjericiwti Aaoocistiim of TaJ?i*Blti St*r 

A. E. AcaftrLcati E)^Mtinc^ri4f- [Obaer¥ert 

A-HtrQRQnuBcfae Gcaftlluchllift 
A»tForkaTnic4l JauromL 
Aiftxonoml^hft Ninobnchton. 

Aji^fophyaic&l Jouniftt. 

AjitranuixLtEiitl Bouiety of tho Fii<ctiao. 

Bnllattn (Prefisod). 

Brit^aii AasociatJon. 

Bullotiti A^ironoDitque. 

Bdt^ AHtruDOimoal AsiHxiifition. 

EkAhlf, BuDotin of AHt,lD 4 rt, ofthoKotlaediiriilH 

B. J. Borlitiftr JHlupbuoh. 

BoUojjii de La Sootdtd Aitifouotdi^jno 4e 
UOt Cirvcinniaii: ObHeryjttoTrK [FtattiJii 

O.R CuiXLfjiMi RimduH A4»d. BciRni?e9> 

d.F. OafinaiosBiica dee ToMpfl. 

D.A.O. Dominion Aatraphyw oal Qbasrs'^i, YLotorMi, 

D.O. Doniaiou Olwwvfttjory (OWawajL 

RB. RacjalDpedLa Brittatininn. 

Rid. 


or iSfeciVjry. 

Harvard ObBei^atory AmiaiH. 

Harvard Biilletin. 

Horvord CireuEjw (Harr. Cl). 

Harvard C^Ue^ OLaarvatciry. 
l.A,n..i LU.A,i U-LA_ Inbnniat, AHtfon. Uaion. 

J, Jotirnal. (jtnAiHt to oamtju J.B.A.A ^). 

i.Dp JiMiriiat dda OtiSArvateura, 

RO.E 1 . Lick Obst^rrataiy Ballfttill (Lfok BrJ 

M.K Monthly Notion Royal AjstetiN ^ookiy. 
Mti W^ HLW. Mi, WHmii Obwmiory. 

Aof. Natitrft. 

Nautioal AimAiiAft. 

Tlis OlBcmiitory. 

Fublicatiod^ PnKAeidiu},^.4wi^iDiiiu3aotBir 
Popukr AatroDomy. (oamr^ hi. f'. P. I 
P,ASt.P.^ Pub'na of Aiitrouofnical aocy.of tiio PaoiAek 

PkU.Trum, PbJJoMi^ic^ TfWM&ctioitsof thaRoyal 

ELAR Royal AatJ^nomic^ Sociftty. [Socj. 

ILA,f^CL Aoyftt AMtronomlcal Sooiety of Canada,. 
^.A. ^uietiitilkr Auoncan. 

„ Bftliictcd Athh {p. tL, 

U.O.G. Dnlon Obwrratnry CmaiiaifB, 

VJ.K. ?ortdjAhri^kiiiri dor Aatrtjn. OooeJlacliEfi 


11.A. 

H.a 

ILC. 

fl.C.0. 


N.A- 

OU. 

P. 

P*A. 


Jin, 

Annala. 

App. 

Apiicndix. 

Axi. 

AasooLationr 

S., Butt, Bulletin. 

Coi, 

CeIeIq^ 

Cir. 

CirtfllLar. 

(^ml. CootribifUioca 

£Ua, 

Editnof). 

/. 

rnteniaffonal 

iMt., fy*i, Inetitute. 

M., Mtmk. Mdnofra., 


MagaxiM. 

D.j CJf*r. Obnerratory, 

/V, 

FlWCoditagE. 

Pnblioatiopa 


nr Pubtisfaod. 

tt 

Review. 

Bp. 

Eflport. 

Sh, Soay,. Societj.. 

S. 

SmithaoniAn. 

Tf. 

Tranaaotiojat 

Tot. 

FqIuieiicl 

FA 

Fearbook- 


Zftdtacbrift. 


AsCranamleal Catflloj^uei.—Cootmctioui In ordina^ 1 
Hymliola hue p. M. 

C^nfnioti««k IPtjfA fliosaisr — AfoaSer ttt: — 

AH-R Aitkfto'is Houbk Star CataJogno, IMS t"» 

AG^ AO.R4. Aitroticmuiiwhe OewilliKlnaft Katalog ftitts p.Ti). 
AZ. AfltnjffTopliici Catalostto,* to luag. ll {in proBTiiau)^ 

ElJLG. Bri ti«it Associatlan GutologttiJ, ftpooh 1BE50 (J3ai'/y, Ifi*!!). 
B.P, Boiitt DuftfhmTwterong; {A r^tiajidvr} Ui nutg; fl, 

ftatoodod by SSclitlnfidd (I BBS) to 33^ D«c. 
B.O.CL BoTTibam'a QciHital Cat, of Doiihk StarR. 

Bp» Auww'h nsdrtcuipti of Brndloye OlswErvatloMy 
Brit op Er Sir T. Bnibflflo’a Catalogue of SootWn Btus, I 

B. S. Soblaaingcr'a GatalogUB of Bright Suanu 

C. D, CcMslol* rJorahojoatoniiig, ££’ tottS* R 1388^ 

GjG.A Cjitalogo Ooncral Argantino^ 33,448 SootliicFn Stom 
C.P.D. Cftpe Fhotcgtattbio DuKihiniMteranBt to toag. ]a'‘to 

60* l^kuith Doo. ISftfiilWKl 

C.R Gcwdoha Zuoa Cat of SmitR Stars, Spa in jdIIebi of Don, * 
E‘B. RipiQ^e editSop of BiimiEngfiAQi'N Cat of E*d SUra, IflSfi. 
URL* Eigobbewi^iinge Irfsikon {JFamirftrg e7Aa)orall kaown 
FK 3 Dri titor Fundamootal Katidog (p. vf.). [propw motiona 
G.C. Bcm’ti Genaral Catalogue^ epoch IftW. 

G.F.Il, G4!4lobiebte dM FijtatfflmMintnfrla, eeo fi^ Vl. 

Gr GrootoWid^^a CSnA of CireoinpolaxStnxH for IfllO, 1833. 

* In thii eiwtho hnih Ih itato 4 at wad ta the numlHr: thuR B.B 
t The noi&iiiirmq oommHam aorw in «oh hirar pf R-At tliuN V' 


30. Thft lotterflabD orton ttaed Dritliout poLntn. For Obmrvera 

tPiVfc sumlwr added, = in:— 

M. D. Han^DrtipiarCaliH iai&-34{vn'lji.&l'86, Korvaid AnqAU}^ 

IIP. Harvard Photoiuutry ia®4. {IfA. toL 14}. 

HJi (aL» liH.P.). Rovuwd Harvard Pboti>meti 7 ,1606 (vol nO 
LC. ludei C^oologuft^ oxtenRioii of K.Q.C. 1 Wi, 1 flOft. A.}. 

W- Laftailld^ CatuLlogofl of Southern Stani, Rpxih 1730 

pLtbiiahed by the Biitinb Asaodatioii, 1B47. 

LL»r LaI Ijiilande^it Ckt, Epoob lflOa> pub. by the R4., 1637. 

AL Meaatar’e Catalogne of 103 Nobatw & Ouatent, pub. 17B4. 

RffprinEed, Aug^ 191B; and/'.A.iLP, Aug. 3917, 

N. G.O. New Oeucrai Catdoguo ^of Sir J. HeraobeVH Sei)u]»«nii 

C3ua.t*jra, iMiyw), 16S8. Vol. 48, Jilomoirs, RA.IS. 

O. A. OeltiDo'a rodurtinu of Argdandor'i Zoua Oliscrvationa, 

P. D. PotedaiD GwreraJ Oat (Sujjplosnnntory 4 *oIh., P. P.D., dtft.) 
P.G.C. Pratiioinary Gonsvnl 'CUtaloj^ of CIB3 maia (I &10. 
n. PUad’a Star OeA op^ch 1 ^ I803*14.t 

RD.R Switbern Double Star Gatalogno f/na«r> 19S7. 

St Stooe'E Capo Oatalcgue for 1360, or Radftliff« CeA t^- 

W.R Weiaae^E redubtiou of BamBlkZmiEiE, oqtiirtea 1 Noa m 

\v.z.0. WflablagtoQ Zodiacat OaA i 1 & SO, [h™. of R. A. 

IT A. Uranoinetria Argentina (tfdufof), 1679. 

G.O. HnvootnEtna Novk Oxonkusla (JVafcAarrf), 1RB3. 

■* 19* SKOUmBEOBftArSo. 23(Ki in Iba II”hoi», horlh Dae., in^lih^ R-P» 
133 dcHiotfM ■Ur IlfJI La dw avP* of fiA RA. ) 







Tlii ASTJiOlfOMlCAl TABLES, 

Bode's taw.—Tokiof Mercury m 4, adding 4 ba e&ch term of the gwnietri<sftl beHes 3, 0, ifif £4, fin, gives the e|iprciiiiniUa 
dislAiiOM of tbe pl*Dnla up to UrantBj hut not Nfiptune'a: Fliitd b neax thu petition Neptii tw si'ould oompy. No rooKiD. b known 
rov thte gurtbUM rebtion. Bodo rcim^ed that a pknet wilh tniBsjng at the diiftAiiiX) where the Mtoroid* werc diacbVEred Inter, 

Ptsnvt .. W-arcufy V*nui Earth Mara Aittrcfda ^fupltar Balkrrn Uiwftua htntiuna P^uto . 

SiW« ... 3 6 13 ii 4^ «a IKi 384 m ... ... .. 

Jdi ... 4 t 4 4 4 4 4 4 * 4 ... ■■■ ... 

Dbt ff Sun^ fled® “4 7 lO Ifl 2ft ‘ 12 ItiO 18® 773 ... ... 

„ Aetna] ... 39 7*a ta is‘j ja 95-4 493 ya 395 ... ... 


Albedo or the Planets. Hoaiwll'i flawnsi a™ 
wn p. 7 : awe jlyj. Vol, 43 . 19 !(I). 


for ifMMft (wmewhat different from Laaibert'a original JcdEiiition 


Albedo:— 

Marcupif 

Vdnyx 


MQiin 


Jiipltar 

Saturii 

Uranufe 

(Sfiltnor, 

... 13 

-w 


■17 


■&£ 

-ft2 

■fM 

(Mailer, 16S7) 

... 14 

70 

ao 

13 

7 2 


■7S 

00 

(Kuasalh 191B) 


“SB 

■43 

-07 

■1ft 

“S4 

>C3 

■63 


*40 0-17 

■fi2 (Sniper 
7 a iwy) 


CleiHia 

n 6 fi-- 7 i 

finiMv 

’70^*7fl 


Saturn's HIdbe.—A pphjjtlimto data of Earth pawing the ring-pUae 5 4uid Batum's helia«Hitin.o longStiide, Dataa not 
" tr *• are minim*; the Earth did net finite ijaw tha pkne of the ring m IhdEl. thiMigh eitremcly hw doing a-* 
ilotii iat. leap. &fiit lojtff. £>att Itt. ivng. 

ISOTApr. 13 . or 34 fi" 


„ Oct 4. or 3fi4' 
1903 Jon. 7. or 356’ 


34fi" 

(1 1020 Not. T. 

0- 

107“ 

r 1930 lim. ^.(+0'} 

340' II 

3fi4' 

1921 FoU S2. 

0* 

103* 

1937 FoIa si. or 

354* 

356* 

|j „ Aug. 2. 

or 

169' 

]| Nov. SB. 

il 


fat 

Ifl4fl Dec. S«. -r s 311* 
IftflOSopt-H. 0* 334* 
ISJJl May 


Parallaxes:—Sut Adopted at Park CnnforEijee^ I9U. 

Moon. Equatorial horiaoutoJ paroliaJt at mean distMioo, 3?' S^’7. 

Aateciudlfl (approximabo mailEnuni], 3i". A?af?r, 73'^ 4. d-diHtu. 6^', 

Surw. The par*l]ft*-c!a cf sBroFal of thiwe *« givan in the Tablea of tlia Brighlaat and Nearoat Stare on page 

FlAnetltry Colour Indieea, '^Sunb Kailiatien giyea tine atnount received per twH of area. 

Msrcury Vanaii £«rth Hosn Mmrm ULPaFtiRr Mature Uranm Heplunn Pluto 

Colour Tnd«i (Sun 072} +... 

Sun'a Radiation ... 0'6 

YeEocity of e»»po^ fcni/BBoa.3e 

Stollur Cofour IMIofis.— 

T^pe 9 / Biar. 

CoJenr Index, 
do 

Heat Index (average), in Mlgl 
SanEace Srighteeaa, 
do 


+0U1 

... +1’2 

+ 1*45 +0 93 +1-S2 +0^ 

+ „. 


?- 


1& 

I'O 

14J 

043 

0’a4 

Otil O^OOS Q-OOI 

o+K»e 



lO-S 

11^ 

S'4 

6<l 

60 

36 

ai 

23 

31 



... 0 

BO 

AO 

FO 

GO 

KO 

M 

M3 

Ko 


S 

Giants ... 

-032 


+ 03A 

+0-M 

+ 1-4& 

+ 1-96 

... 

+6“fi 

.. 

Dwnrfa... 

-O'SiJ 

on 

+03S 

+073 

+0'fift 

+ 173 


... 

... 

liUldaa ... 

-01 

0-0 

+ 03 

+07 

+ 1*2 

+ 2“3 


... 


Gianta ... 


-E“3 

-141 

+0-3 

+2‘3 

+ 4'6 

... 

... 

... 

Dwikirfa... 

-3S 

-23 

^l-O 

0-0 

+ 1*2 

+ 30 

... 

... 

... 


NoVSft. —Many a&-catlod Haw litare have bean recordci! in year® previcra* to those grren in the Mat betow Thus the 
appaarenoo of a new at*f About the year LfiO ac. boald to have led Hipparchus to make hut oatati^uo of star* But eopierally^ 
the old reoould are vogue and indefinite,, and, in Bome caaea, undoubtedly refer not to XoVfB bat to cometo. 

Modem Novw—Only the briglitar Novb are indttdcd lo this List. 


tmr 

UnfebHt 

N«n.>- Uu 

&sr-W' 





1572, 

Gaasiapaiie {1l)i 

>1 

ftft* 

+ 2' 

04-23 0, 

+ 63* 

B3' 

i6oa 

Gygjii N«j. 1 (P) 


43 

+ 0 

so 

16 

+ 37 

5t 

1604 

Ppkiiicbl Hoy 1 

>1 

332 

+ 5 

17 

2fl 

-SI 

S7 

1670. 

Vulpti{nd»(ll).,. 

. 3 

31 

- 0 

19 

46 

+ !7 

U 

1843. 

Dpbiuefai Ko, S 

fi“5 

335 

+ 16 

16 

57 

-12 

4ft 

1660. 

Soorpil (T) *. 

. 7 

321 

+ 18 

16 

14 

-S2 

31 

1633. 

Oeronw (Tl 

. S 

10 

+ 47 

15 

67 

+ S6 

4 

1673. 

Cygni Ko 2 (Q) 

3 

53 

- 8 

21 

40 

+ 49 

34 

18S&. 

Auitrotnedv (S) 

7 

m 

-SI 

0 

40 

+ 40 

59 

1887. 

Pereei NAv 1 (V> 

6*2 

lOD 

- 4 

1 

58 

+ 56 

£9 

169+ 

Artvigas (T) 

. 4-5 

14ft 

- 0 

ft 

29 

+ 30 

SB 

1893. 

Nenvim (BJ 

. 7 

29B 

+ 4 

Ift 

28 

-50 

2ft 

1695, 

CaTjnm (BS) 

. 8 

259 

- 1 

LI 

ti 

-61 

40 

1&9&. 

CentAuri (!£) ... 

. 7 

S33 

+ S9 

13 

37 

-31 

S3 

1893. 

Sagittarfi Koi. 1 

4*7 

1 350 

-10 

18 

DO 

-13 

14 

1899. 

Sagittadi No. 3 

8-5 

; 33tl 

^ 6 

18 

17 

-Sft 

13 

1899. 

Aqull» No. 1 

. 7 

4 

^ 8 

19 

18 

- 0 

14 

190L 

Pcreci Nd. 2 

. CKl 

119 

^ 9 

3 

26 

+ 43 

S4 

1903. 

Genii norumNal 5'1 

153 

+ 13 

6 

41 

+ 30 

0 

IGOA 

Ai^iuilo No, 9 ... 

. 9 

' 358 

- 9 \ 

19 

0 

- 4 

3J 

1610. 

Sagittaril Ko. 2 

7'5 

331 

- 3 

17 

57 

-ST 

33 

isia 

No. 1 

i-G 

71 

- ft 1 

S2 

33 

+ 52 

22 


.P-K 


UMtfll 

Hput. 

ajrm. AkUa. 
Ml. 

lUUl 

ILA. 

Dpk, 


19ia 

a™ 

. eti 

302- 

- a* 

ld» 

37W 

-66‘ 

20' 

1919. 

Geminornm Ko. 

2 33 

LftS 

+ 16 

6 

ftS 

+31 

la 

1913. 

SogittB 

. 7 2 

S5 

- 9 

SO 

5 

+ 17 

82 

1917. 

Ophiunhi Ne. ft 

66 

331 

+ ft 

16 

50 

-30 

33 

191 a 

Aquihs Ne. 3 

-07 

1 

- 1 

18 

4ft 

+ 0 

32 

1919. 

Qphinchi 

7*& 

7 

+ 12 

10 

11 

+ 11 

3ft 

1919. 

Lyres 

65 

37 

+ 11 

18 

ftl 

+29 

9 

19SO. 

OygniNe. 3 .. 

. 1'8 

ftft 

+ lil 

19 

ft7 

+ 53 

19 

loss. 

PictarU (BB) .. 

. 11 

S40 

-EIJ 

1 0 

56 

-62 

36 

1934. 

Eeivulia 

. 13 

40 

+Sfi 

18 

T 

+ 45 

61 

1930. 

J.*cartJB 

, SO 

70 

- 1 

22 

14 

+ 5S 

23 

1936, 

AquilBi 

. 7-0 

a 

- 8 

19 

15 

+ 1 

38 

199a 

i^gittarii 

. 4*5 

336 

- S 

18 

5 

-94 

21 

1938, 

Aquilm 

, a-o 

11 

- 0 

19 

24 

+ 7 

30 

1946. 

Pupphi 

. OH 


+ 0 

8 

10 

-35 

13 

194a 

Corenw (.T) 

. 31 


{Sea 

yr. 

1866 

abare) 

1950. 

Larertm 

. 60 

73 

- ft 

22 

40 

+ 53 

3 











^ From gl.iHn‘nHi?c* of En» ugucid tha> oppoiittcn of IWI, tho vuliis tx S"’jW ± foe# Tl. A..t, HaDdbaiik for 113421. 
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NoiTiBiiclature of Minor Planets, Variable Stars. Novse, &c.—Syitema tliftt a.TiBWf.t^ well in thcMrlv 

«f diiieoverj Ineritably to bciDcnrw or unwieldjir im diocovtiHeii iihd frnm time to time 

tfcpj' hifiive to he rcTuicd, ITi* ftsHo^tig modiScRtiona bRTB been mtde in the oiigtQnJ 

Kiiior PliQBtH. Eiwb new cjiaocmOTy. bfifnre the nnmhar n.nd ntTne ift RiTcn. ^p, M), b tesnimrartlj uMignod dintinetlr'* ReMniUi 
lettefM^ M not inffeqofttl3j, m «upip<wicd now «tefold piwv<« t* ho identtiWtT. with one nlrtutdj knnwii^ Ori^imtlj e eingte 
letter nufii»d, frod the your ; but in 1^93^ ttte doulile Ibitu AA to AZ, BA to DZ, waji tntrodiu^ {I boing omittod)^ 
thill now nerLcn bdrcij^ cotitlattcd right on untU ZZ wan tmebeili itaBtood of hf^nning' Uie atplmholli ikFn^ ucih joftr. A 
fccond eiphibct WM begnn in tftO?, With the year (lIK)7 AA, AclIL and » thlld in I'&lJl^temiinAtoiJ with UA„ De&ai, 
leSl^ when a tmw aypteni wm atantad to enable tMnEated dlawvnriwi to bo IhMrted ifi alipg^ojijliiately theiff projior place. 

Onder tlie prejMjnt ayAtem of temprnrr nomeo^lalnre^ tho double ojphahet bi^tia afneeli «uch jeiLfT the diKcoverii?! 
of JatL I'-IA are A.A, AB^ AC, of Jan. 111*3], BA, BB, BGi, of Fob. CA, CB, th(t ymif'hoitig adiied in 
each 13BJH ; IT loore diadororlaii tlian iA in half a tuonthi AA^, ABi^ ^ Minor planritA are in the cmid of the Kotihea*- 
Institot of Bwlin, which attetide to the nnintwHng, Ao. When unnnrabored, tbo orldt ia not enffictdiitly oertikiu, aa 
193S HA, hot * name may he giTen, aa it la inora mnnifiient for referetioo. (Annual ^coEnarr in J/. A'^ FeJmta^J. 

Jap. A,II t Fob C.Di Mar. E,Pj Apr. O.B ; May J.E ; June L.K j July N.O J Attg, P.Q ; Sept. 11,S , Oct T,tJ i ?fOT,T,W ; D« X T. 

Variable Start. Argnlander dosignatoii thoiH not otherwiaa totterml or Dumberod. in any oonatollatinn, by tho Kotnan capitaJ 
ietters. R, 9i, T, O, Y, W. V, Z. After Z, the dmihle form HB to HZ, SS to SZ, IT to TZ, and ao on to ZZ, waa 
Uaed. whi^h priavided for A-l eariabll atam in any maBtallatiaa, Aa that ntlECiW prtHfod inmiffiaiaat, AA to AZ, BB to 
HZ, and ao oq, waa emplciyifd, J tnkog otuittad. The aimplvit ajltflm, whioh, doQOtOa tho vanabtH of esych oonateJUiicm 
by the lijttwT V, roUnwed by a numW—thue Yl -Bt VSl'^Ss Vfi4-ZZ, Ac., ia to bn ujied from Y“, when QZ in rtmjbort. 
bfttorii am ftstigniii wbeu the Tariabillty {■ oanfinund t jMm’mioaaUy, J^oViIb and oniiiLaTy Tariahleo are now doaiifnated 
by a emmbor, year, amt OanatBlIatinn, Nora Aqnilia lElia being TJSt's Ai|uilM, in the 'raHahie' diACornrios of l£ll B. 

Hurae. The older Ndtp vb designatwid by the i;orvatal]atiOD and year in which they appaaredf thua, AVmi ScorpU, ] Aa ILC : 
noma haeing alao a ^popular' tHwao, aa Ktpitr'tSioTi T^cho't Stdr, Ac, ModoiTL Ndtb were HimdaFly litieiguateid till iSSEi , 
tf more than ona aftjfoarod Id a cwnatollatioii, they were numbered. puacaraaTojy A'oua L, *Voao XL, and ao on, of that oon- 
atftHAtkni, in oidar of diapamry, dLaragarding the Nona Iwrnr* lEiTS. Aa many Norw wore only dbodrefad yean after 
thwr itjuKicipanca, when comparingatar ph&tograptitt of the aatBfl lefion takofi at dillerent tiuea, tbia anraotimeii maqltod 
in tha munberi, belni; af erdar aa regard^ date of the nomoaoiature waa thomfoie allcmd to oonatnliaUou 

*Eid year, with the date in tentha of a year, if Etiiire than one is a yw. 

PHnu/y and SMondary Stara.^Tko bdghtaet Itar Je A., the companion or compaiuoQa B, An, aa A and 3. 

Comets.--Entirely now cometa are nanaTly named after the dJitrorew, adding tho yuitr, an Donative ooroet, IWfl. 

Cbmet a, Cbnwf &, An, danotna the fiTwt, wcond, ...... comet diicowTiirrf that yisar, whothor new or alreAdj It&owB, 

Cornet J, CoaiHt //, faj., n n r, rr urrtst'jiyf ai ywniiWtbw that year, ditto 


Some Terms occurring' Ln Astronozmeal Papers, 

qf ObSiervatlOn.—'Thcei} am of two kindii: Syitnaatin Krrifrt and Atmdwial EiTQft (Hse page T, ^wtibn]u The 
(brmor am doEecEnd by obBorratlona repoatod with different Inetramonta, An., er by »n]|) 4 riBon with reanlEe obtained by other 
tnethndi ; the latter KEhi™ amamtic, but can bo retirantod hyanalyflisef tho diaoro|>and« betwna tl)o indmdiaJ ob- 
aepratlijneof a (wrioe, or betwwti ohBorred and calenlatod ealaM—wlilch diacmpauclaii or diflnrotioia ant known aa ./bw^rfua/t. 

The Probable Erp&r CP-S.\. of a wriw of obeervatlone la a eaEua derived nmthenLattcally fmm these rudduala: it affords an 
indet to thn rdtaiiility of the figures gimen, and la pfnfiaod by the etgn i, wfaicb means that it ia an otoq chance whethwi by the 
amonnt of tlio pnibible enw, tho value ga vim Ea grMter, or leea The Ktnarkir the iffobable error, tlie greater the rebftbility. 

Hnthod of Loost Square a—A method used to aAcertain the moat proboido mean value derivable from a o umber of dJObrent: 
obeervnUoha It is haaod on the principle that tlio ' weighta^ [degree of jwcuraty) of obeniwatioiis, with difTareiat probabln emora, 
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Note to iruLkc tbs indei uf tho lO such Wiat the figure bafora ihn dnclmeJ in thn othef factor le I fo ^ on^y; thus 1-S3 k in' ia gorrwjt, 
nut ths K lUf* Ellustreting tbo wo-rkilig ; the itKtsx of Iff (bath ■4' atHf —) la tlbou the' characberiitin ' of the logarithm of the Set 
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iTi AsrmmMicAL cmeTkAvnoNs. 

Astn^numEcnJ or Symbols {occMfoTvslty-iiMd tymbola in bmcheti);— 

Si^a of the Zadiibc. Arite Tmciro* Gemini Oancfif Lea VIt^ Ltbn Soarpiue Sa^ptteriiaji Oftproomus AqUftrilU Heom 

Sy^ttba. J H £5^ K 

Stuir Sqn Mwcufy Tauua lUrtii Mood Mum lUoor plioot JupEtw Setiihi UmAna Jfeptnos PJuto CotaoL 

svmM. ®{o) ® V hy>£ 'r e \ * 

Other Si^ns. IstofArlw, CoujuHcttou^ QqiKlFiitun, Oppojiltioq. Nwfe 5«j^t oQ, Mo&ti'i PhaMr^Nw, liAqr., Piill, SMqt. 

^ymboL .» T 6 □ ^ n «™Dding • & O < 

Lcrisjtit. fr. Ban, - 0 * flO* IfiO’ dancemlmfr ffom SnQ,-tl' 90'' aTiT 

Symbols of EloizLDiitg,,^A„ Ai^n j AEiimiuiiiia ; jSii, Uar^lTitnn; (7, OaTLe>ii j £7a,CiUd'Qmf Or, ChrrimiuEU j AV, litm ; 
Hydmgttu x if*, Eoliuin j JT, PatAeaeium; Zi, Llthimn; Jfff, MK^piceitim; 4 ^ 11 , Miwkgftnosei Jf, NitrosMi; Afa, BtHjiittn: A% Kodh ; 
OljpgQD; Fhoipliarua ; /fh, Huhklium; Snlpbcir; iffl, ,s«uiditiiii; Ai; SitIcoD; Ai-, BtroDtilfUn j Ti, Titmitiln ; Zr, Zipooniuin. 
SlgTiincancft of + And. —, For Diroctian, + ibdiistAe (a) itofihvKnl^; (jj ^direct’or'pomtiTe'motiem—i#, to the Jell^ 
or BMlwrila, wLao Itiokati^ MHith i EndEoAtei («) ■dULbwnniA; fi) * ntitigrAda ’ nr ' negnUre^ to tbo ngh^ or wiiafc- 

«irda when looking wmib, Vexulile St*n 1 + Lodiotteji thrt * tnniimacQ or minimum u later tbsn the |ifodEotn] dnco; -, tini 
it le aarlier. Cometa i ui for Variftbla ntnn, + later, -- earlier, to indkAte dejmrturo from the (rphameriH^ or the Bloment*. 

Eaith C Afoo , and Zeaojrraphie Dk,—W liBn +, the plenei^B Ntirtt polo k fjrtHmtaJ to the Earth; wbon the SoutJi polo. 


fsodipiuioq :— 

+ • North of CeloBtikl ear. 

- -flootb „ „ 

Latitode 1 — 

+ "N,\ af Euliptie, or af 

— — S>/ Earth's or Gklact^ 
Longitude ;- 


* — E*} 


Lihraitjloa ^ oihq ceatra I — 

+ • Dkpla*^ Ui 

“ T» t< 

+ ^ Diflplicsd IQ S. (tat.) 
“ " +< N. „ 

(Bwnotfi, p,is) 

[t<p. Maguitode 


+ —Faioter timn Dtog, (HI 
“ —Brifhtar „ „ DtJ ! 


PoRtiion Angle Sua't Ascia :- 
+ ^N. PtKle^E, 1 ofthoHr^ 

- •■ „ W 4 / Circle, 

Proper Motian, Precenioa:^ 

+ — Xorthvrarile (in DoaJ 
™ — lentil warda „ ^ 

+ — Diract {la HL A,) ^ 

- — Retrognwio ^ E 
Light-tkan,+Utor, - eirllfir. |, 


Radial Vetoefty t- 

+ = RecesalriD frain Sun. 

” “Approwhtfl „ 
Sntam'a Ri^g4^— {p^ial- 
4 - ■» Earth N. o-f riiig^pljizifl. 

— “ ft 3^ „ n 

SttD't Equator{p. Ifjil. 

+ of fiflnue of diao, 

- » 


AstronomlmU OODtrantloiis.—Thooe fur AatraD 9 mio&] SMiotiaa, FabUcatiiMMi, Star f^tal ngnea, Aa, uw giTea on pp. 


^ Bight Aiwecuriou 
A.IT, Astotmoiiiical Unit 
^ Augetrom tJnit 
O.L Cobor indHi 
C M CBotral Moriiilan 
ENml DoefiTMition 
Eqr. TCqaator 
□aL Gftlirtki 
G.E GrenttAt olcmgatlon 


O.C.T. Groeiiiwich Oivil Time 
Q.MxAuT, „ Almin Aetran+Time 
O'.M.N. QreoDwich Mean Noon 

G. M.T. „ „ Tiine 

ILL Hoat lodoi 

H. P. HtifumtitB] paTallax 
LA. Intumaticnil Aaiatorna 
J.a.XP,,Julian [Irtt & PeriorJ 

J.A.D. „ Afttr. Day, p, S. 


Kelvui 
IaL Latitude 
Long, Longitudo 
Bing. Magbitoda 
K.P.D. North Polar Diatann 
K 4 P.S, „ „ Sequence 

O. - O. Obemnned ^ calonlatod 

P. A, PoeitioD Anglo 
P. E. Frobahla error 


P.M. ErotHT Jloti-Qo. 

BhA, Bkgtit AjueiLiion 
U.T., T.C.* UtdronuJ tinie 
em. SemL-dlainetar 
AH. Zerkith dbrtaaoe 
fl/ North filUowing. _ 

wp „ preceding. * 

fp South pncediiig. 


_ , ^ rollevlng. 

d, daya ; A, houre; mloatoe; a teotrada mm,, millimetwa ; 0 a,, centinwtrwj Jba,^ kilcwnatr™. % light-yeata 
AstrortpmluKl Symbols far Pod tiobm, Magnitodw, ParalLueii 4e, {fuUm- liat fmoEng frant wml (LA.U. propoMsd, 1 ftBA), 


m Eight 
S Decliiiatlnn 
^ l*titT*de geocent, 

X Lotkgitndo « 

G Oalactic longitdda 
g „ laUtiido 
finlioOMiEriQ latitude 
I „ longitude 

^ Ooographlcikl Utitude: #^ gaa- 
L ft longEtude^+W, [wDtria 


A J Aaitnqtli, A A Itituda 
a Zenith Diitanoe 
M or t Hnor Angle 
IT ParaUaK, Annual^ in 
Pd ft oquatoriAl horuante] 
p Anrn ial precoatiiia (general) 
p Foddob angle^ p, £-. 

Proper motion (total anaual) 
Ht T, TF, Yelndty^t mdial (n^ 
oodibg +), tongnutial, apatiaL 


X Warb-lbDgth, fea AapIrAtoii, ^1 
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apparent 
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riBEul 
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ir 

■1 

photovienal 

* Obliquity of Riiptic 

top. 

tt 

Vf 

photographic 

F OrUtaJ pcrioif 

tola* 

tt 


Internat, 

^ TinU) ^uatkm of 

«« 

■1 


bolometrib 

t H obaarratioo 
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radibiDotrie 

„ meau: i* Tme tiiiie,f 
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It 

photo-red 
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rt 
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if Magnitude, absolute 


CanstellntlDii Abbi^vlaLionS. Tliroej- aud fbuT-lottor bObtoactiaM (lot Aatr, Union, 19Sa, '3ftL (MaJua raptaiwl hy pyala 

Sd Sculptor Soul 
Koo SooTpini Soor 
Set Scutrim Scut 
Set Serpaca Swp 
Sex SettaoH Soxt 
Sagitta Sgte 
Bgr SftgitUjfitta Sgtr 
Tau Taoma Tanr 
Tel Tblvionp'm Tele 
TfA TViang. AaaTr Aa 
Tii Triangolum Tria 
TliO Tnqana Tuen 
OMa Unw Ifbjar U Muj 
UMi Urea Minor U Min 
Vd Vela Vfilr 

Vif Virgo virg; 
Vnl Votana Vain 
Vul Vulpocula Talp 

t halattrt to tba Bsm | Piwa moan aaU tro - - - - 


And 

Andromeda Andr 

Cha 

ChaBusleon Cham 

Eli 

Eridanua 

End 

Mod Mbnaa 

Mena 

Anl 

AntlLa 

Abtl 

Cir 

Circtnub 

CiM 

For 

Ftiruai 

Fum 

Mio 

Microsoopr'm Micr 

Apa 

A pus 

Apuft 

CMa Cauia Maj. 

OMbj 

Gem Gomini 

Omni 

Mon 

Mouoobm 

Mono 

Aql 

Aqnila 

Aqil 

CMi 

Oanis Min. 

0 Min 

Oru 

Gnii 

Grua 

Mua 

Moaca 

Mtlac 

Aqr 

Aquarina 

Aqar 

Cuo 

Caticer 

Qami 

Hop 

HETOcbJito 

UOM 

Kor 

Nonna 

Norm 

A™ 

Ara 

Jkito 

Ckil 

fXiEuroba 

Calm 

Hup 

UoralQoiBm Haro 

Ort 

Ootana 

Ootn 

Arg 

Aj^ 

Argo 

Com Ooroa Bor. 

Cuma 

Kja Hydra 

ifyda 

Oph Ophinnhos 

Ophl 

Ari 

Anea 

Arie 

CrA 

Ooroua Aua Coe A 

Hyi 

Hyttrua 

HydJ 

Ori 

Orion 

Orio 

Aur Auriga 

Ami 

CrB 

Curona Bar, Oar B 

tud 

Indus 

Indi 

Par 

Para 

Pare 

Boo 

Bo5tta 

Boot 

Crt 

Orator 

Crat 

Lag 

Liromta 

Lacr 


PegHaiW 

Pegt 

Oao 

Caelum 

Cad 

Cm 

Crus 

CniQ 

Leo 

Loo 

Leou 

Per 

Pfiraemi 

Fisra 

Cam Camolopard. Carol 

Qrf 

Corma 

Core 

Lop 

Lupiu 

Lepa 

Phe 

Florals 

Phro 

Oar- 

Capri(»mua Capr 

eVu Omm Ven, C Von 

■Lib 

Libm 

ybr 

Via 

Fiotor 

Piet 

Car 

Cwiba 

CaH 

Cyg 

CygiXli 

Cygn 

LMi 

hoQ Miner 

LMiu 

PaA 

PbusM Ausl Far a 

Caa 

C^iniwU 

Cum 

Del 

Dalphinua 

Dlph 

Lup Lupus 

Lupl 

Pan 

Pi now 

Fine 

Cod 

Ovktaurui 

Gent 

Dor 

Dorado 

Dora 1 

Lyn 

Ljus 

Lynn 

PliTI 

Futrpta 

^jip 

Fyai 

Cap 

Cepbena 

Ceph 

Dra 

Draco 

Drib 


Lyra 

Lyra 

P 71 

PyxiB 

Cot 

C^ua 

Ceti 

Bqn 

Bqtkidbaa 

EquJ 1 

(Maliu^Fyiifl) 

, Ebt 

Ttotiouliim 

Rati 


* 0«rinajir, W Z. WaJIbLI, 

















A Star Atlas 


AND REFEREKGE HAmBOOK 


1_N0TES on star NOMENCLATTJRE, 

Tha Constellallaiia.—The origiD of most of the eonitalktion nunea h lost ia Hatiquity. CoK* Biftimcw wm 
■ 4ld€d to the old list {though not dehnitely &E€d till the time of Tyeho tihout 3Q0 B.C.; bat no further 

Addition wsa nwle till the serenteentb oentary, when Bayer, HaToUtia, and! other a^tronoiuBE^ formed nwnj oauatelljr 
iiona In the hitherto anohArtod rogioni of the ioathern heavonn, and oiarked oBTportions of some of the large or ilh 
deGood aDoient ootMtalLationw Into now flonutellatigiMu* Manjol these l&ttori however, were nercr generally reoognu^ 
and are now either nhsolete or haTo bad their rather olumij names abbroriatad into more gonTenisni forms. Sin» 
ike jmddlD of the IBth oentary, when La Oiaille added thirtefln names in the southern hemlaphore, smd: sah-dirltled 
ihe nnvieldj Argo Into Carinaj Mains (now Py3da)i Pappis, aod Vela, no now conatellatians have been roeognUod, 
OrtgLoally, ootistel latiDiiB badi no boundaries, the posliioD of a star in the ' h«td^* ' foot/ Jio,, of ihe hguro answering 
the tiocds of the time I tha flnt boundaries were drawn by Bode to ISOl. For List of Comtailatioiuh aeo last page. 
Star Komenolatura'^The star names given on the Last but one page bavn^ for the most part, boon handed 
down from classioal or early medieval times, but only a few of them are now in ttsei, a syfftem devised ly Bayer In 
1603 haring been found more oonvmuen^ vit, the designation of the bright stars of each constellaticun by the small 
letters of the Greek alphabet^ a, ^ y, dco., the brightest star being usually made lo, the seoond brightest fi —though 
sDinetimes, aa la Ursa Major, soquence, Or positioii in the oonstellailon figure, was preferred. When the Orenk lettma 
were exhausted, the smaU Roman letUin, a, b,. c, At, were employed, and after these the capitals. A, B, >Ac.—mostly 
in the Southern consteUatietia, The eapitali after <5 were not required, so Argelander utilised R, S, T, An, to denote 
tNunn&if Stan in eaeh oonstollation, a eonveniont Index to their peouUarity (see sLbd p. ix). 

The fainter stars are moat oonrojuiontly dosigtiatod by their nninbert In some star catalogue. By universal eon- 
eent^ the numbersof Flamsteed's British Oatalogue (published 1T3S) are adopted for stars to whioh no Greek letter 
hoe booo amigpcd, while for stars not appearing in that catalogue, tbe numbers of aomu other catalogue are utilixed. 
The usual method of denoting any lettered or oomberod star in a aocuitellatioii li to give the letter, or Flauatoed 
number, followed by tbo genitive cose of the latm name of the constellation ; thus a of Canes Venatiai is described os 
Canum Veuaticorumn Those gonitiyw are given in the list of oonstellations on the lost page, faring the cover. 
Flamsteed eatatogued his stars by on&Etellatioiia, numbering thom in the under of their 'Right Asoensiem,*’—that It, 
the uumbi'r of hours and minutei they southed after the oouthing of a oertaio rero point among the atari (p. 3). Mott 
modera (simlc^ues are on tklt ocmvenient basis (ignoring oonstflilationih os the stars follow a regular sequenoe. But 
when Right Asoenaians are nearly the same, espsdally if tlip Dechuatioiis (pi. Rj dilfer much, in time ^preoaesion' may 
change tha otder: Flamstiwd^i 30, SI, 22, 23 HereuliSt numbered 3D0 years ago, now eouth In the order 22, 20^ 23, 2L 
For conveniaboo of reference, the more important star cataloguea are dieiiiguatod by recognised oontraetiaDS: 
thus B. A.C, 2130^’ It at onoc known by astronoDiBJS to denott! iJjo star nuntbarEd 3130 in the BiitUh Aueniation 
Star Catalogue of 1845. In moat ttar cataluguos a number is assigned to each star ioduded in them, whether it hai 
a Creek or other lettrr, or not, TllUl^ Fepid Is a Lyim, 3 Tjjtie (Flamstood’s number), and (eonitetlations ignored) 
Oroorabridge 2819. A list of aonie of the beit-kiiown catologties, and their contraotioiui, is given on p. vii, 

Constelladon Boundaries.—Bodew b^undanes were not trenudi -oa aUadard, and chans ^ud catalogues isjruedi 
before 193{S may dlUbr aa. to w kteh of two ad jauent oonstollarions. a star belongs. Thu i Flamsteed numbered in Camdop 
ardutt several atare now allot^tod to Auriga, and by error he •ometimei uumbeifed a star in twn ponstrilatioiui. Bayer^ 
also, sometimre assigned to the Rfime star a Greek letter in two coTutolLationi, aneioui aAlroDomers having etated that 
it bolaugefl to both eonsteilation figures: thus ,jj Tauri-y Anrigm^ and a Andromcdwwl PegasL 

To remedy this inconvcnleniv^ In 1.930 tho rntornatienAl Astronotntcai Union atatidardlood the boundaries along 
the Jan. T, 187S, arcs of Right Asoenslon and Deoliiiatioti, having regard, as far u posiibEn, to ths botniElariwi of the 
best star atlasre. l^s work hod already hmen done by Gould on that basis for most of the fl. Hemisphere canstollaLions, 
Q * Aabinou, added is A.n. IS0tbs Eispanir AdruH. vu Loiiff (juniliLDei] ailh Aqu-lla v« ' AqdJx •! Amiiunia' J 
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The LA U. Boundarlea —Thti^i? do not (5Wjs<? thatr pcisiLtiotii ^uioug the stii^ra, thus objeota c*m alwap be 

opr^^Lly louated, Lkioo^h^ owjn^ toprecemEon^ the arcs of Hig-ht Ascubasttiu ihnd DeMsliiiintjon. Elif to-dsj^AO lancer foLlev 
thn bjaaddriefli atid lare itEtsfidiily depiirtro;^ JfroEn tlufiu. Afc^sr aeoie ye&rs, hew&vor, theue arcs ifriU te 

retiicti towa^TfU fcbu hciuiulftriisfi, ttinl 13,900 yeam nfMaf Lkut, oa eotiipleciag the 25,aOO-y&[w pr<fcesflionBl penud (p^6) 
TiU approximi^to to iLcuu, but. not nxfiuUy ocd^oidfi. 

II NOTES ON ASTBONOMICAL TERKS- 

Tho Star SphfiPS- ^ couvsinient tnrm tieMsd in ^puikktJi^ of tho be*venly bodies snd their relative iwaitiutia, ilerivo* 
iU Tiamu froEii the appeamuce of the heavituHi to an ob-terver; he ecama te be at the centre of a vast lintb v Kphere (half 
of it qujie*ii, baEioatli Ilia feet), which rerolvu^ focuitl the Earth aono each day. Thestari aeem permaftEjntty Bxed bo 
the intidi^ surface ej£ thL« sphere—their vast diatuic^a pritoLioaLly aulllfy their notiin] rapid mutionif—sod are kuowii 
atorjf, in TOntrust to the 'wandering Mtnra’ or planabitj which mova binong theothcrat Hather motetliaii half 
the star sphere is at one time, as refriMtlon B(Jds a atrip cKjiiali to the bi-einith of the Moph'j dbm in the sky^ 
The Pples and Eejuator.—The pirotJi, eio, it wnru, on which the attir sphere reTolTBs, am cailwl the 

Cdtfiifd Paien ; they are directly overliead at the TeTToatrial polea. Half way between them la the great circilo of 
the CdpMidt Eqlt(l^{ 9 r or E*fuiiviCtial, which piwnea directly ovcftiuaj at every point on the Torrcfitrial cEjuator. 

CulitltnatlOQ i Southing'-—A ealeatial object (Cnhn.inatPK whun it machea italiighest point above the □h‘i*rvBr'a 
horifEin. In the N". Terrwtriat homiephairc, Utitfed in the same aeaso, asoulmiuatioD is al ways at the inBtont when 

the object is due south ol thr N. Polej in the 3. 'I’erreHtrial heTnisphere, ohjrcta culminate when due novLh of thu R Pole, 
Risings and Setting' of Stars. —At iheTameBtrial Iw^uaiorj tlie Celeatkl polealieon the horiaan; all the stars 
romatn. above the horizon for hall a day, and their rifling and aettltig ana at right angles to thfl horiauTi- At Lho 
Tcrreitbrial poteg, on the other hand, the (JclBitial ixiuntor coineidea with the horutoii^ parallel with which the stars 
innvo in circlen, noither rifling nor Retting, lLb other hitlf of tbo flUiur Aphern boing iirver seen. 

In intermediate Utitndea there is every variety between those ejEtrotnoa, but always wmo stars never set (and 
a cormiponding area round tho oppcisjtc Pole never riaea), aluo the pathi in the sky cut tho horison ohliiliiely—all 
jn proportion to the observer's neannssa to^ or remoteDeefl fronn thy Terrestrial Pole or Kti^nator. 

TheMtara wlitch rUe and set always do bo at tho Bamo pnints on the borison—unlike the Sun, Moon, and planets 
which rwa and sot at difibront polnta on auctirrtflivB days. In temperate latitudes, eapeciatly, tlipao of them neareat the 
obsarver’a Oclrwttal pule riae far north (B. huiulsphere, wwiAh and am above the hurixon mwl of the twenty-four houra; 
AH distance frfjm the Celeetlai pole inoroMrai, they rtw further ami further aouth (or nurth), and thnlr l.lmc above tho 
horixiin diminlflhe.^ tilh for tho atars furthest south (or they sot again a very short tiniB after riaing. Stars on 

iheOeleatinl eriuatornse dueE., set due W., and are 111 hm., fthovn ibo borijMjn, all over tho Earth—except at the Polos, 
Stars rise, ■ ewth' or ^nurth \ and set., at. a ipvan hour oa/y sjwv n ymr^ alwayaaimr libiiiit the same date, for they cnlniinate 
rioarly four mLuutm owUw each djLy, uud laoko 3«IEl| revniutiraa in 3es| HuWdays. On one iliny iu tho year ‘ MuUdn|!,' 
uccurs fWcf, for wheu a star iKHilhe at IS'l lucq- it will south again at 11-57 [\ rn. tho aamo Jay. This necum with the Superior 
planets (p. 33) alflo—Mtirn, and the astco’ijii'i in gaucral, about ooeh souirfa-l year—tholr mean ikity moticnaibeing leva than tho 
ALars attd VeiiU-H, ho-wavnr, (nay not south at alt on one day jja lIlb ymi-r. 

The StEtrs tha.!, nevei^ set op rise.—^cara uorer set when their (itsEatice from tho Celcstjal pole is leas tLan 
the latitudo of tho observer on tho sarth. Or, sirkrt with Declination (p. 3) greater than the observer's Co-laiitudn 
liU lutitud'* aubtractoJ Emm O:)’! numr sutT tho dopnapnniiing area roand the opposite Pole never riaea 

Tll0 EoliptlB n uoother important grout, cirflle on the »tar sphere, which titterBMta the CuScstEiil c«[uatef at an. 
angle of 23^* (tha Oh^iquit^ fif tfm Ediptia'), aud llufl in a plane which paams through the cRiitros of the Sun and th* 
E'lrth : it represDUti tho yearly path of the Slun'a CErntro ati the rtar sphere., as sistiii from the Kanh, er the Earili''s na 
aaen from the Bun : it Ia shown in Maps :i-l 4, Tk^- Ediptie Paft*, tin* point* on the starephero BO" Itom tho Eetiptic 
(ab-aut 23i' fmm tlio Terrestrial polea). am m H.A. ISh., and 6h., and Dec, xV.. and 8., reBpectivrij, 

The EciUptlfl Jirni its priloa are ‘soiisably’' (i>-, fi>F einiiiiarypurpaftoa) fiisd on th* otar Sphere, but chrkOge fllightly in conturie*. 
Tha forrn ir .ilvj mpr*i«^uta(a) thooontrU liti"! nf the Kudion rp.S); (*} the avuroj^e patli of the Mueui, Mofeury, fthd Venus, cn 
tUs star sphere (pp, 9, M), but not tlioss uf tho othsr niujor planets—lliougll th*«) are a1 Way* nVfir bhs Ecliptic, except Pluto. 

Ths Vernal Equinox ur First Point of AHea, tho lorofortho eeliyitiul maasuronjanu corrAsponding to 
terraatrial lungifcad*, is the point of Iriteriectum oni the strwr ■ipliefe, at any raoinont, of the Celestial EEjitaCor and 
the Ecliptic, at nr near thu pi^iut where the Sun crnrsKc* tho ferinrr from 8. to N., abtint Itaroh 21. 

This ^wini.—tho 7rwor Apparwni Ajjafoar, nr fA^■ Ef«i«aE of any date—mnvw westward on tho Ecllptio l,.'Vth Mcendyr 
aw every day, hut ia iiovertbelcwi the rawt wnwpuiervt point for the piirpiiHC. as th*Sun's positicm in tho sky, mpflAurwl from it, 
nnnaius'poetically the JwiltlQ on a given day of the ywir for thotiarittifl of years^ by the leap yeitf arrangattiou t* of the cniendar, 
though tliusft ef thfl stora slowly chauim- "Vornat Equiftfn," w/wm icitA moajpipfinitntt, always roftana-this moving 

True E'luliiax. hut the finrrtd'Vernal (Spring, p, *5Icquiuox is the inistaEit wlivn theSun'a crantre jicttlalJy cresaea theColcatial wjnalnr. 

fV Wpfin EfAtJUt-P, h T.hr- TniB Equiuoi cfirwctwl for the irregularity Cmat * li| dsc*) iwIIimI nutation hi HE^ht AflOciisiou 
(p. 71. Positioiifl in star charts and catalogiiBKi 4 ?® mflrtsnred from itf at tho time when the Sun’s mean Inngitndo iii 3S(J, about 
Jan. i : ihufl for 1S«», tho sUr posEtluiiH ore iialhid *1110011 pliM»* for lEtSO'O' — ^ -O' after a year ftlways indluates the ftSO' start. 
The pfisitiou of the First Puint of Arina i« about nine Tnoon-lirHadthH W. of the end of a line drawn flp^t from 
.JkndriiTiiiidEBbo y PegiVil (whittb fupui one Rtdn nf thfl ‘Shjuare of Pognsu*’)thnU extended downwards for thesamo len^b. 

*• UvAp, Jsti h 151W, SX ■al'®'" tannnsl e“'-+7], nvsy Tary $" fitun airsiL 
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Th€! Mfiridlan u th&t dlml? Qii tlie ntnr a|)faDJ^el which pmsaea through bath Celwtiwi fialeit pj 9() thmugh tb* 

uniLh of tho abaenrer | it arlwAjs mEHt^ tha horinon ctuo uwnth and narth of Lbe Pola acd tha olisflt^er. Qn ™»rW«t«i 
jMMsc^a, rfliwtwf to ^ meruiibfi, h*?o tb# Bfusjo meaiiiiig as, cuJiDiiia.tiasH or transit, '{eiju beiow). 

Trajmt,—A oeJeratiaJ ohjimit :?VavMi^ wh^n it eroEaea fo^the tnfcriilinii of * ptiwM—C^p/wr^Vaiijii —ouimiDB-tians 
OT(bj ifly (wlecfcad line au tbo aL&r flphora; The term ia aJao used for a meridian or apot croattLng the wotre of ft 
Lower or Lotwr f7iWminolibH^ of a. * cLnsumput^ ’ atAT whiab ueTer aeta^ is at the opposite side of the PoJ*, 

twolve eidorid tour* after upper tmnait, when the star U neai-eiit the borizon. 

Jrajitti aJm denotea tho paajuiiig, aa a bUck cireolar spot, of ifereury and TmtiJ across tbo Snn’i duo; or of a 
uloltitoor its ibadow (p, 34) aoross the dteo of its pritnory. /tiarvw is Urn ontnitiofl on to the dieo; sgreii, the departm^.^ 
Celestial PosltloiiS.—As the star aphore baa an Equator and Polfla. Ukini; the meridiui through the Vomai eqni- 
nojt as. aeroy the posicion of any object in the aky can bo indiioftCed in the way placea on the Earth aiw loeattd by tbuif 
Ifttitnde N. or S. of the Eqaator^ and their longitude from Greeuwlgh. The oarteEpoading aatronortiicai temiD, bowevBJ'» 
are LecUnfUiot* and JiiffLi Jseamtionf ancient ostronomeni having unfortunately {far limiJarity of ntMBrenfllatuiw) used 
the tennB latitude and longitude to denote Ennaflureuienta mfoircd to thn Eoliptio, iitstead of the Celestial equiaton 

DecIlnatlOll (conttactodi, or ihjq.) oorrei^ndfl Lo terreatiaJ latitude; it is meuuted Id degreea N^orth or South 
of theCfllestlal equator. The Intanmtional Aetronomioal Union recommend the nae o.f + and - instead of N. andS^ 
A’ortA fofar (contracted; or P-^J^r mcaaured in degrees (0* to ISO’) from theN. oeieBtial pole^ i* 

sometimes used iuiteod of Doolinatidn, tu it ob^iAtaa the use of negative signs^ and all chance of error with and 

Right Ascetisiolt (oontracted a, or ^), oorrespands to teirestiaJ longitude, it ii tneoiured eastwarcUf or 

oouutur-HdlocWue, on the OBlutiol equator from the True equinos, sometimes in degreea (0’-3&Qi')^ usually in sider»l 
krafA), minutea seconds (s,); Ih.—15^ T —4nL Every obwrratorj bos a oloEk regulated to this sidecMl 
time fp,9^); when it showH 0 hrs, the True equinox is on the cb9Bm.tory'a meridioD. 

As the True Equinox oulminatoa daily, it is easy to note Imw many houn, mianteOt and seconds elapse from its 
flulmioaticm to that of any other object; this intcnr-al is the Eiyht J.soimruivi of the object. Objeots that ouLminabe at 
the same iDsUnt as the True Equinox bare Ii,A. 0 hrs.j those culzninatiiig 1 boor later^ H.A. 1 hr.; tiiOBO S bra. later, 
R.A. 2 hra* and so on up to 24 bra. the 0 hra of a new sidereal day; of oourae minutos and seconds are also uBcd» 
Bi^ht AfteffitM-ioo houTfl. ^c;, otb mj olightly lictter than lioBC of erdinsTy mean time, the EVhn sidereal day Uang only 
^hra A6 mlo, 4 HCB. muo time lu length, or about Ibur minutoe ahofter thso the mean aoliir day. (Sk p 8)., 


Hour And Dedlnatlon Cifcl^s^—An Ihfur Ciw/a, or a Dgelwstion Cirds^ is the great circle poBamg through 
a oeteatial object and the ChleBlial poles * the former term is preferable, oa the latter is liable to he coaftiBed with 
' DncHnation Paralloli^’ whicb ara not great oirclea These terms are alio applied to the graduated oircleioa ‘eqnatoris]' 
telMcopea (p. 4S); the hour oirde is graduated in TLA. bra mod miouios, and the Dodmation circle in degrees. 

ColureS.— Eq^Tteatial Uolurt is the great eircle of ILA. 0 bra and 12 hn.; it passes through the Cfllwtiai 
Poles, the First Point of Aries, and IBO' of celestial longifcudeL Tfts Cofurt is the great ciridB of R-A- 6 hrs- 

ond Ifthm; it poaaea throngh both the Celestial and Elliptic Poles, and through the S?is#tiiaJ Perini#*. 

Tho 2k>djAC fl>l*raily ^oirele of the animalB/ mosl of the signs represent living creaturts) is the belt of the sky 
0*9' on each aide of tb# EcliptlUs within whieh the Sun, Moon, and the plauetB known to ihn ancients are found. 

Starting yemriy at the First Point of Aries, it is divided into tho twelve 'Blgoa ef the Sodlao' (so* synaboli, p. ivl)— osch 30* 
of longitudB oti thu Ediptlfl—whiah, bowsvor, tts ochU ouincidc with the oowitellationa of the Home uame^ although tbay did » some 
S300 years ago whuui the First Poiiit waa named, pmeoatiiOD having OKTTted them westwards some 00^, or a wbold sign. 

The Invariable Plana of tbs Solar Systam,^ passing tlirough the Syatem’e centre of gravity, forms an unvarying 
referenco piano, as it does not chango its position in space owing to motuoJ planetary perturbations, as the Etbptio 
dwsH Inclined 1* 35* to the Ecliptic plsna, 7' to Sun's equator; longitude of ascending nodo 106*35’ (epoch 1550). 

Th* Fiitnd’aTtisn.ltif Pfurte, in oooultationi and wliptea, ia that poeeing through the oeutra of the Earth at right 
angles to the line drawTi from the star, or the centra of the Sun, through the centre of the Moon. 

Alternative Reference Circles*^'f’he Celestial Equator, though the most ooDTcnient for finding or reonrding 
positions on the etar sphere, hy E. A. and D$c^, La an unsuitable referenes oiiole for many purposes, and other great 
mrolet and rafuretioe planes are ubbcL inatoad. The position of an object is mdicated, with reapeet to the;— 

1. Oalcsrial Eqiintrar ... by ita Declination, and Right AsesDaion, from tlks Voraal equinoi (p. 3) 

Oeocentric Latitiidfl, and LoDgitnde, « i, m Cp^ *) 

Haliocobtrio „ ,, ,, n m n (p4) 

Altitude, and Azimuth, from the N, or ^ point „ 

Hmir Angle from the meridian, and DDCIinatiDU l>iom thbCelrai Rqr. „ 
Positdon Augley the Nurih Point „ 

Cakrtic latitude, and Longitthle^ Cram node on Cotestial equator (p. 4) 
Helhjgraphin „ „ ^ arbitrary beto ... „ 

Planetograpbio,, „ (^ano-^ Zem;^, &a, -grB|]hJc, see p, 4^ 

Distance (a) frooi tbs- Noo^ Foiut; fram the VerUv (p. h) 

Thus there are several binds of ostrunomi-cal latitLidu and longitude. But unlfieB qnalibed by an adjective, in astronomy 
these terms nanally moon Qtaesnirie Laiitud^ and Lonyiind^t referring objsota to the Ecliptic and the Earth^s oeutra 
* la OatMtbl laii(gilada tfET. IJrr fw R. A ih., ISh.). tmi Dsa, It.kad A 


EcUptio, (a) the Earth's oeotre 
„ (b] „ Sun's 

Horuna of the oliserrar ... 
Meridian 

Hour Cirde or Bedination Circle 
OaliLctlc PlMUSi or Milky Way 

Sun's Equator ... 

Pknut'i or Maon’e Equator 
lAmb of the Stm, Mncn, or Placet 
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Oe<K}en£F!o Positions.—All sitTOfiftuiicnJ I>bsfer™iiciii b«j ^el3SJ^sn^il7 tupocrntrie —i.d.j niadfl from e. poioi on 
fchfi Barthi'n nurfiioo—but for aimpUoLbf, the figures in Tobins *m nl wrajn gaocsnirta, tbnti ii^ onJoulateii m iX bodiai Ter4 
obisnredi froiu tli* IS*Jrtli'i cMitre. ThorrAaon ii thnt tlio topuantrid vnluea cjifFcir witk tbd |»aMii3oa of tlao etwomf 
(ejcddpt for «tAn—too dutnnti for Appreciliiblc Qhnngd), but njro ouilj abtuu^d for noj pluM from bhd gtrocdntrfc TflJuee, 
Aagulmr nod ILnonr dietAno^s nre in meuantd from oonlira to oentre of the bodi» doncerned^ nnd thosA 

nlonlAW «n Soon fmto tho aun, or a plmot, ore aIio for the oentre* {heliocentrio, Jm., Tolneis sao below), 

Latitude and Longitude (oiit|Hiilifiect by ah adjeetiFe) ref or ceJestiAl objeoto tc tho Earth's centre and tho 
SkHptta iiijitdN4 of to the Celretlol Eqoatdr^ and themfom do net. corFfiopood to j^cograpbicaj Intitode and lougitade. 
Thdj am for cAlanlntioae m^Dleiiig angoLar di^toncs from tbs ^tLOp ai eseq Irnm tbn Knrtb, of planets and comou, 
—pbase^ opposition, ^e.; tho muhb definiEidni, but mfemid to tbo auu^i contrey LHatead of the K&rthy ato tenood 
MibcAtlifnf latitude and long] tads. The Eortli'i hiiiltKBtitHc tonglEiidB la the fiiinW geocsntria kmgitods + iHf. 

Tbe Lotij^itud^ of ^ osEsstial object Is the angle in degrees (O'-SCO') meniored enttwardi, between die First Point 
of AHds ('p) md the foot of a perpendioolar drawn from tlio object to the IScliptic. Similarly, the Latitttdi of a 
oeJesttdJ object » its dUtnnee in dEgtnw N. or 3. of the Holiptic, meaenreii on «n arc At right ncgleA to the Eoliptia 
LongitnuJe Aud Bight ABconsion both Atort frqni the Fimt Point of Arieo, and both atc moAsaied eoitwaitbs but tbe fiwincr 
b meBsurmt in doginsB Along the 3dtptie t the Utter along the CWeitfiiaf %woteif+ in boum, &e, (but 1 hour ILJL b eiacdT lfl% 
4 mtnutdi fUActty Vy Au the ploae of the Ecliptic lias At on angle to that of the CalestLoI Equator, however, a movemexit 
of I* in longitude dees not exoctiy ODFrospood to I' 1/lhtb hour, or 4 mioutxia) in llA,^ bscause {i^} the diriKtiEiO of 
tDeaeursmeni U difibniiit, and the rospBctita degreu may difier in length on the HtAT A|.ihEre—oOf for instance, where the 
‘ Ipeot drule’ dogreBo of the Eoliptio timTcnse the nerrower RAl degrees on the pwollel of Dm, Tin ' prewaMon ‘ 

(Pr S) of tbs Pirst Pofot of Ariel ooutumaUj changea longitudes, the Jaagitude ef the [jsriheliou of each major pbuet tuoreoAing 
Kme S' per centQiy ; but latitudM alter very Eittlo, as thn EeUptic Li Almoai hied on the Ator AjhberB {p S). 

LAiUntia^ limilarly, dlffon froio BeelinAtion, Both are meAiured on atcb of great oirolea on the iter spheres 
wbereui all Deolination tdreloi pom through the Celattinl polei, all ciiolM of latituda pass thrdugH the Eeliptio polen^ 
from the CUEestial poles. The ptmlleU of latitude, thereforfl, are olwayi inclined to those of BedinatiouH and a 
motion of 1* in latitude b nevar eiactly l* in declinatioD^—except along the SolititioJ oolnro wbieb intereecta 

the Eeliptia and the Oeleatial equator at right anglei, and paiwei through both the Celeetiol and Rciliprio pcleo, 

E0]IOgTa.phlG, SelanographlC;, and Flanstographlu: latitude and longitude refer objeota to the etjuatoini of 
the Son, Moon, and planet*, mrpeotiyely—the equaton with referenoB to the aiii of Fotation, They thue exactly 
eortespond to g^wgraphical latitude and longitude, and positinn* are denoted by them in the utine way—by latitude 
N, or S. of tho equator in dogrOBi, and by longitude on thnt equator from n xoro meridian. Their chief use ia for 
recording the pooitlone of markinga on the HurfocB;, ouch oi apota, Inuar cratsrB, Ao, Arttf^raphiOf ^eno^raphiOf and 
)S'af^mipr<^ic, are the terma for ^n, Jupiter, and Saturn, reapectieely- 

The aem meridian on the Moon ia that of the ‘ mmui ceutre* of tlio diio, and longitude la meoAured E or W, of it in degree* ; 
fur hfaiTB and Jupiter, see the ALA. On the Sun, Jupiter, and Sotum, them being do fixed markingA, ssre meridiana can ouly be 
■rfaitiory. The Eau'a ii baaed ou an oasumed uu^oiying ALdHrool mtBrtbn period of SA’^a days (ak Pv £6); the longitude it meoaurad 
(C^ tu aw’) from left to righi looEdng Hriitfa, aerma the nnu^inTerted AppoTGut dlao^i At in the direction of the Buu^ nrtatkm, 
Umaund on Efae atar epfasxn, inatwl of the body's surface, Wiii", sefcoo-, &o., -gmpim latitude and longitude Darreapond to 
aolor, limor, Dodination and RA., but Arfio«filrto, eneporntric, Ac., latitude and longitude ore tuuiolly employed for tfaia 
aunBo. They ore uoed fbr iirdioatlng the position of the Suu'a equator with refarenua to the enutre of the dlac, the amount ef 
InuAT liljrAtidii, oponneee of Satum'e ring^a, Aa,—pubUsliod atinujiJly In the A^antieat AtTHunae. 

Gdlactli^ latitude end longitude refer objooia to the Qaiootic Flauo (p<10) or mean plane of the Milky '^ay—> 
[nuportaut for prublems regarding the distribution of the stare on the bUf aphera Qalactto latitude is meaeuroil in 
degwes K. or S. of the Oalnctlc Pkua; Oalaetk longitade, from 1959, wi|] be eountwl frtitn the dirrirtfon to the 
C/alactifl CentirB fp, 10) inatend of, ma praTioutly, from its interseetlon with tho cele'ittAl equator. For the prseiae 
definition of tbs new coordinate ajatem lee p. J54a, 

Altitudfi, Aziltmth, MeridiifirL, &.fi.—TbcBe refer the poaitions of celestial objecie to the obaerx'er'i faoriixqi. 
Tho of a heaToiily Ixjdj is ita Torti eul Angular d iautnee in dsgTMfl ahore tho borifion j its asimvth, the hodEOntal 

angular dixtaxieoin degrees between the abserver's S. or H, pulut, and the foot of a perpendicular drawn from the object 
to the horixoFin In the N. hemisphere, aximuth ia usually tneMUFod from aanxth (0*) westward*^ ia,, from the fnarufian, 
already delluod a* the great oinrie passing through the Celeitial polea and the north and aouth points of tbeobserrer. 
The ss«*tA and Tvodfir are the points in tho sky directly over tho obsenror's head and bolow bis fiwl, reapnctiTely, ia, the 
poloBof the horkou^ riiopWfn* i* the great cirdepasaiitg through thexeoith and the obBOrTOi^a cast and w«t 

points, comespoadibg to the BobtiLial colnre in R, A. and DvolinnUon. The ia the art of the horizon hetween 

theB.or W* pain4 and the foot of the ^erttcal oirole poostog through the object. (Amplitude of Fariahk etaiw, seep.l3)u 
Roup Atlgrl^'—The hour angle of a ceJeatlal objenf, refera it to the UMridian of the obaorver j it ta need in oaiouJa- 
ing an objoct's nJtitude or aximuth, the time of ita riaing or netting, Ao., and may be defined u the dMerence between 
its Right Asoaiirioii and the hour of R. A. on the maridian at the tinio of an obacrTatlun, or the angle which the houi^ 
rirele paeaibg throuBh tho object makes with the moridian—for most purpOBos expresaed La hrs., At, of ■idercoJ time. 
It is measured weatwarFls or dock wise from the meridian aouth of tho Polo (3 EfEmiaphoro, K of the Poleji 
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PositloFi Angle : North Point.— The Po*itS(m of * plAoet's axU^ or of &Dy lioA qij:i tho ehLr frphore, h Itv 
inellnatina to tho hnur circle fp. 3} poulng throagh tho ceulre c! the cbjecb. Thu airde ii the aic«t sullftble ooe for 
referetice, ox, unlilce the horixon, it U acatinexr^ with reepeot to the Ften, xnd being pnc^ndiculor to ihn horizon nt 
the inmofit of cnlminxtioat can be njind for Sndin|[ the inelineitioR to the hodson at other timea (tee dixgnus, p. S9)r 
The XariU Point !■ the pDinten the boarnaircLe nexrwb the CHleatial pole, in th* floM of tIo w- 

(oh Double St&rx The position angle of a double ttar in the an^^c wMih the line joioing tbe oompoticnta tnaJcDB witfa the 
bciur-dKla iKuuiug through the brighter star of the pair. Thie angle Is mcsnoreii fmm Ebe s\'orth /Wnl (or fKiiiit iiu lim 
hoor-oirde nearest the North CTd^tLali Fule^ in the ha!d of riew) from 0^ to going round bjr S^, aod W, (ii:^ 3!)), 

Sun> or Planet'B iiarix The pcaltioo angle Lm meestirad to it fdim the North. Point thedieo. Thie tmrim tbroughnut the 
yoiir 7 but for the Smi, aa the eatue ilate it la about the same evHy jpear (see the and diagnijq en p. 40). The angle 
te measured 0‘ to a^Of for the Ifoon and planets, ib in (o) ; hat for the San, E. f + ) or Wh { —J of the hattf circila 
Limb, Cu^pS, Vertex.—The Xifn5 ^ th# edg« of the Sim'a, Ultxsn'a, or a pliuiet^a dlen; the Ctufpt, the home of the 
crmoent (leaa than halMtlamined) Moon, Morcuiy, or Venue. Tli* Fertex, Bometlmw for occul tatione, ii the point 
on the Umb furthest above tho obaerrer'i horiitoa; distxncea from the vertex are noun ted eastWiarda from O' to 3€0'. 

Opposition.—Mttra, acii tho outer plnnete (p. 3S}, are in (ijmbol ^), when IfiO* of longitude (or 

IShm, R.A.) awB}^ from the f^un on the itar ephere : this oocun annually (Jupiter, I'l ^'ran), but biennially for Man 
and mten aateroidev Thej are then on the meridian about mitlnight, and nearer the Esrtb than when not in oppowition. 

An opposition is 'favourable’ when tbs Earth and the planet are ii™r the point where their orbita meat clceelj 
approach, and ae thii point ii alwaya about tbe eame lougltude, favourable oppneiticna nfunajA take pine* til/fmt ih* 
wme dnJte in tk* pmr (given on pp.32^ to 34)^^ and tba favoarablenHa or othorwlae of any oppoeitien can aiwayi be 
judged by ita aeanieei to, or remoteneu from, that date ; the leut favourable are aii mcutbs Intar. 

COpJdeletion : ^ oelestial object ii in ocnv 1 tn<^ion feymbol d } with another celeetial body when their 

longiiudei are the w " m *, but the term may aIbo denote e^^oality in Right Asqeniion ^—m in 'Phnuomena,’ for lome 
objects. Mercury andi Yenui are in /ryevior f^orywncificm with the Sun, if the conjunction occura when they are m 
the aide of the Sun neareit the Earth : in jujoerw CpnjtHieiwpn if they are on the far lide of the Sun, with the Sun 
between the planet and the Earth, The Moon ia m Syt;^ when in oonjunctiau or opposition, when New or FulL 
AppuISS*—An appulse it the near approach of one eeleatial body to another; the term ia alio ubckJ for approach' 
ing culiuinatinn. eonjnnation, Ac.; aa^ the appulae of a itar bo the meridian, of the Moon to the Eartb^i ahodow, 

OrbitflJ HotlonS.^—The orbital motion of a planet or comet rouod the Sun, or of a nteULte round ita primary, La 
DirvA when from W, to E,; when from E, bo W.; einvilarly the seeming motiom of the plannta among the 

■tare, aa awett from the Earth. A planet is .S^etfionory when iti mavement ie revereing to the opposite direction. 

A phuiet or oomet is in jPariA*!wti (t) when at the point in Lie orbit msareet the Sun ; In when at the 

point most dietant; In Qtindratnn (OJi when 90* ia longitude from the Sun, The Moon and the planeta are in 
Psrifffi when at the point in their orbits nBareet the Earth; in Apogity when at the poiiut moet duibanL PumltJeiilre and 
4jiMjreiapre are the correaponding general terms for a utuUita with respBcb to ita prima^ : for Man, Jupiter, Saturn, 
/'ertmarttutn, Pvrtjoot, and /’^ruoturniurn, are ufed, A planet’c Slonffotion from the Bun ii the angular diitaone Iti 
degrees as aeon Irem the Earth; the Elon^ion of Mercury and Yenui ia when that angular dUtancs raanhei 

a marimnni—tiot necessarily the very greatest. A comet in liaemian ^ moving away from the Sun, after perihelioa. 

SHlptlOJi] Orbits.—?^ Jfayojr Ajrit (eymbol fonemi^major axis, ajii the gresiwt length, usually eipreascd in Astron. Unite j 
midway in it is the Cralre dF the ellipa Matur dfirfeed^-minor, is tho hue drawn threugh the centre at right sogles, th* 
|;i>reteit breadth ; /’'ucnj— Kcupled by the Frinuu-jr (p. 7)— one of two pointa, equidistant from the centre, euch that ^e eum 
of thtlr dietancw ficrfi the foci to any point on the orbit is constant, and equal to the m^or sxla 

The ExaUridiy (■) i# th# ratio, to the aemf-iniyor Bade, of the focus-to-oontre diatanre j the fiadi^ tha line joioiDg 

the wntre of a plaoet^ comot, cr eateUiU, be that of Itii iiriniiwy, umally giTre in AUx The Apiida (plurmi of speie) an the 
■xtremitiBa nf the tnajoT jou—the poinEs cf perihelion^ aphelba, parigeo, Ae, \ the Ap*i4*e^ that uii utendod indefiniteily. 

The J'oddi an the poiota where a planet’s or »met’a orbit interacots the Ecliptic on the etar sphere — it., when the ct^eet fs 
Id the Eelipttci plane ;*wbQte the object crc™e» fmn 3, bo N. !i the Atcendifi^ ttotit (U h from N. to B, the lhacendinff muie (y ). 

The dnofliflify la the sotnaj pBrihetloD-fbeua-pknot an^K moaeured in the dlrectioii of the plaiiot'a motinii ; the ifAiii 

AnovtedTf (ifj, that angle calculated fhr uniform, not actual, motiou: the Eccmttiti ilwotiwfy (fi.) is derired frem it, Jfwa-e sinea- 
The ElemEnts of in Object an seven ractan required to detennine ('uj Pciaition in e^iare of fte orhit—l, the isetni-mjyar axis: 
S, tlie eocsentricity : 3, the inoUuation to the Ecliptic i 4, the longitude of the aaoending node : h, the Icngitude of the perihelioii ; 

Foeitiou of the object at any timo— 8, the aflrital fMtiiKi; 7, epoch (position St a Icncwn date); or, dme ofperihediEyQ passage. 
Thne are the HeUxmtris or fued A^Wiaenifl—the objcct'o rektion to its primaiy, the Sun, ignoring other plaqetx 2TW 
Barpemtria Elmtmie an there referred tc the Bm^jwsarre, nr centre of euvi of tho ^lar fljett-m, iuetead of ^e Sun, which give a 
better averegei orbit—though dw heliocentric cneoarrected for pflrfarhiih'omi (diatOrliancee) by the OtllM plalicbe la wore aceUTlte, 
The Ofbit m that which a plauBt or cemet Wculd punue if; at acme apocilled iDStant, the Epixk of OjCKkribw, all 

the plaiicxa ahonld cQaee to attnct that bctiy, and leave It free tc move under the attraction of the 3mt alone. 


* In an vlUptinal (ndirlt, {Im Qede.ptiriRe]|Mt.Bode legrv ja ilwajs t«s4, te dsi^reeB, thas iMM]ea.j.ihel3«i.iM!de. hut the dilTeFesM is iridlng 
tf the adeeatrieity is inull, as m tho princi'Eial pLaesli. Also s ptsbet atcaJiu iu muicnuin hsIiwiD trie latltU4ls, ahovs Uis plans of ib* 
Ifidiptic, halfwsj hslirwR llis &od«»—st about BIF [ejogtiuii*. for the iirUasIpal plsoBni, wfaJeh liave aesfly .rinutlar orhEiJi, 
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FlonCtafy Periods.—Ths Sifleraal Parvid of planotj ita iruo poriod of revolutioo roaod the Snn. i» th^ tiroo 
it Ukkei to make a oomplete qiTErait roi^nd the nt&r japliore, from tEor to itikr again^ u leen from the not. the Earth. 

The Syfwdie or Appartmi Periotl of a plAciet i» the interTAl m »imt Jrom £<irlh'f between 

oppositiooe (or conjonctionA) with the Son ; or^ for a satellite^, between lucaeasiTe eimiiar elongations or conjaciotioni 
with its primarjf, Ibo Fm'iod ii the interra] from any point in « planet's orbit to the same point Bgmn 

—for inataneo bftwcen niocessive retnma to |»ertbelion or to apbfcJion ; tbis perloil, and also that of ancceattTO retnniB 
bo the aama node, ii praeticnlly the same a* the pLanet^s sidoroal period 

l^Q STDodio period doterioliiea (be da bn oT appoaittoot coDjOD'ctiotv &□.; the 9iii«ro&l pertHb thue tif tbe opontny and dosing 
of aatum'a rto^ also or the rwonence of a pbMt'a greamat Ji. or S. latitodo—LmpcKrtJiiit for phaerring Mertnrj. 
^t 4 U|ar AcCHler&tioiL^An apf iarent ahortming of tfap portoda of San, Mocm^ and planotSt aa compared with tltoee eal. 
Cttlatod on tba hasia of uniform RlOticwi—a abjutcwing ao mmute m to be only dabscbibie in 'aecnlax^ perioda, ia, those of the 
ooidur of a rentury; it la exprsatod by the dumber of eecondi of arc per can tor? the object la ahead of the unifonn-motion jXMltion. 
It la annpletat to tup^toae tiut the perioda dio not dbinge^ but that our day^ the unit of me&aurement. ie atowly IcciKiheiilug (partly 
tbTnagh tidal frietiod} by Hme IflOOOtb of a ascand par cantury; Do the amra^ ao that aftor a oendu? the Dumber of daya in a 
year is a iVoatioii letu than bafora 6^ of the Moou'a aatsleratian, howuTer, ia due to other oaUaca than the lengthening day. 

!$» 0 ideir aeceluratitm */ (48 JfMUt^ ai»oiJt 10" per eeptury {1337 aidaraal mnatha) j pf dta Jim, about I**'* per oeutwy, 

dotation PerlOfIS-—'Fhb Sidenal rotatloa period of the Sun^ or of a planet or aatellite, it* true periotl of axiaJ 
rotation^ is the interrai betwaon a star'* soccessiTe return* to the same meridiaii on the fiiuii^a or planet's aurfacn. 

The Synadu: or Jypor'tfn,* rotation period of the Sua, or of a planet^ ii tha intarval* as eeeu from the Earth'* 
coDtrVp between SBOoeflaiTO retnmn of a meridian on It* surface to tho centre of the dlsut. The apparcint rntntioo 
periods of the Superior planets merely rary to and fro a very little on each side of the sidereal mta.t'LOin perioda 

The Bon *nd the planets—Uranus exeeivted—have amully ths Aaue 'direct^ rutnibn ae the Earth {^m W, to lookmg 
iouthX but to UM are eaen rtvolving from £. to W., bacame the hetaijpbHre we dw tac« in the uppoaite dirBctlcrti ihun our liemipphsre. 

Tho Equinoxes and Solstices.— TAe reratd and AutumTud Bi^ituxeu are two days in the year m which, evory- 
wtier^ on the Earth, day and night are e^ijual^ whenoe the name. The instant when the Snn orosses the OeJe&tial &[|iLator 
into the TiT, Uelestial hemisphore^ on ‘Sfarch Itl-SS, detormlnas the Yemal or Spring equinox (also the solar yenr^ p. ft); 
this iDStant may be di^tinguislicd a* the Vernal equinox, in oontrast to the moving oon ventlonal Verna] equinox 

nved. for RA. The AdLoniniil equinox is on or about Sept. 33* when he rearoaseii into the fi, iCetwtial hemisphere. 

2Ttff are Oft the longest and ehortoet days of the year, on or about June 21 and Den. 53, when the Sum 

attains hU grrateBt angular distance N.orS, of the CelcatialEquatrorrand 'stands' for an tnatant before turning back: 
the Equinoxes and Sohtioea always keep to Lhess dates, by the Leap year arrangemente of the calendar In (he South 
torrtatial hcmiiphere tho aeaBona am mversed, l^pt. 23 being the spring equinox, !>», S2 the m miner solxtim. 

Pr^CBSSlOR of the Equinoxes is the annual occarrenoe of the (literal) vernal equin ox, about Mar. 21st, nearly 
3QJ minutes (l/33,S00th year) before the Earth has mode a orbital revolution round the Sun, so that r*oh 

y«ar, at that instant, he crosses the Celestial equator at a slightly dUTerent point. 23,800 yean will elapsi! before he 
again oroEiwB at that points As tho result of precession, every itar—except those less than a3|‘ from the Eoliptio pole^ 
^passes through every hour of R.A, from Oh. to 34 h., oneo every 25,800 years; eisa the DeclinatioQa, every 12,000 
years, swing to and fro 47" (2^* k 2). greatly ehanging the stars vixihle at a given place, nr seoaon. 

Prscasaien is due to a eopUunctuB minute tUlillg tuTtbe Earth’s SXia by ths Siun and Mexm, which CSUhs the Celestial |)a]es and 
equator (always overhead at tbon* af the Earth) to change their placen continuously amciig the siars in harmony, so (hat each 
EucoBwivfl moment tbs Celestial equator mtorsecta tbs EcUptifi at a slighlly diJTerent point {in the oppnaito Otrectirm to the 
Earth's orlrtEai moEion] of the one it would occupy if hft undisEnrbed. Thus prscBOBima is ocntiTinocEs, ttot a yearly jump. 

The tilttog is the reanlt of the hulga at the Eorth^s cq.uatar, indipod oomudarahlj to tho jilane of liw orbit rDu:ad the Sun, 
and also to that of the Moon. Half of tbo bulge b ahevo and half below the plans of the Earth's orbit, port of it eoiunJcrably, 
sftd the Sun’s ind 3Ioon'e pull tm the elevated! (or deprenaed) poriieu nearest them Sa stronger than their pall on the murw diatant 
deprcatied (or elevauid) |)nrtiou op|tosite. This tends to titt tho Eartli’e miia towards the sttructing body, and, by the ^roscopje 
law applitMble to the rapidly-rotating Earth, oausos the Earth’s axis (which woukl otherwiBe atwaya pemt to the aanie |M»iiticHi 
on the star aphere) aad Llio Ooloetial pules to rotate round the poles of her orbit (ac, tbooe of the Eclipibc) in oirclea S3}' distant 
from theca, and in a period of £5,800 yearn, displacing the Vuroal EqmnDX in the opperita direction to her orbital oaotioEL 

The Amount of Pre08S£lDtl.—Every day tho Oeleatial <M)iiator Interaisets the Ecliptic at a point ahemt l/7th of 
a aeeoiid oE aro W, of the poiition the day lielare at the aame hour, so that ILA, is meosurecl from a nlightly diTcrent 
point on the star sphere each day, and each March 19-33, the Verual equinox i* 5tf^36 W. of its position a year 

before—aboot 3 seoDnds of IL A., Or 1/37 of the angular breadth, of the Moon, or 1' in 71*S!1 years, or 1 ''SOS per earitury. 
Thus the First Point of Aries—which wme 3300 years ago wi* in the cOnatellation of Aries—ia now 30* to tire west^ 
in the onuitisUation of Pisces. Star cLarts sooner or later onaso |o give resepnably aeoantEe positions, owing to tbi* 
ohaogo in thfl aero-point an the Eoliptio, amouating to a whole dogrua, or twq Idpon-breodths, in about 72 yearx. 

lu Star CatBloguea the prvoeiMion b It A and Dtcliiiatien r&lirswntJi the eo^eirditiatat of the total annual liusar pwreasienal 
mirtien of each star along the EcliptLo Near the Celeatia) poles, the figtirsa make it seem very great, but as regards actual 
eihao^ on the star sphere they arn mudBading, Among the dDsely^rrowdod Deariy-aonvcrgsd hoor-oucilaB of R A near ths pcl^ 
a movement of msny soooodN in EbA, a* mwnred along the very Bmall PecLinatiau parallcda, Is cniy a few seconds when 
oonvertod Into EquataHal grest-cinle msanra Tn converting a star poaitioD for pnoesstao, add fito ci^, unltle itotv 

* At tha Solstitial Pmitp, |x4. 
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Nutation.—Tlk« priWBfuionaj path trv^»4 eta ther ApheriBi thei Celefttaa! Pule ii & iravy Line TAryiii|'nbgbEjijr 
feom It tirua iiccle. Thin irre|pi]jintj is callad u it wen?, a ‘ nodijitijf ‘ of tJas Celestial poles to and 

ffom frttoi the Ecliptic Folea, and thenytt inLautfl—about 0" one&ch aide of theinBan, or IS" in 18J ^eara—peritaptibl^ 
modiBea the preoesBieniil dlsplaeQmuai in U.A. and Declination. Ibo Earth's axli passes the mean position about 
3800 times in the 3Si;,SC0L-year period. Nutataon is due to tbn Moon's bein^ eometimeB above and iometimen below 
the Ecliptio, and so not alwaji pulling on the Earth's equaturiml protuberanet]' in the same direction as the Sun. 

The above figums for nutation give the Xulatum i'i» OUiqmi ^—tho total indtion of the OeleatW Poles to and fro frtina the 
EcHptitf pdw, Xufo/MTft m J2.d. ie Iti co-ordirjate miwaured aJoog the Celesttal Hjoauir j and A'Hiuiiim in jCen^hfiidir, 
or the b/ f As ik'f vinamv, ita 4n-Drdmate IniHunUTMl aSoiig the Eullptio. 

VaiiAtioti of tAtUudOr—Btar Beolbationi show minuto irregular cjclie obangea up to (T-fU, due to ihn Eortb'a 
Poles wandering poand her tiiE;^L nitation aain ounnter^lockwise—the comhined wntt of pcriodi arising fmm (n) that 
a-ri»T dLETeriug from her axis of Agure (432 dyi.); {&) meteorological changei 0 jr,): mat departure from luisan, 60 It, 
Priniary, BstteUlte.-^Two (or mors) celeatial bodies which rsvylv® round a common centre of gravity ara 
ph^ticall^ conneefsti i the larger ia the rrimary (tbn Sou, for pUnets and rometii)| the Bmaliorj the SaietHi^s —or for stare 
the Cemponion, whioh implies vijiaai proximity, but not niUMissarity physical couneeiianp Stars with motioDS aLmOar 
in amt^uDE. and direction on the star apbere (Moving Cluatera, p. 11), are also taken aa being physicallj conneoted. 

Phase denote! (a) the extent to which thedlse of the Moon or a planet, as seen from the Eartb,. ii illumined or not 
illumiued by the Sun—in tba luLter its Dark J'Aaec, or of lUuminali&n. (^) Appearaxiqe or ronHigiirotian, 

as in kite N.A. ' Fbaiies of the eeUpeea of Jupiter'i satellitea'; Aipeci u also uaed in this aenae. (c) Tbe ata^ cf progreai 
towardj maximum or minimum of a viuiable star, + denoting the Na of days towards the former, - towardn the tatber. 
(d) In any periodic phenoiuonoii, the fraction of its period which him elapsad siuee tbs last ocoummee of a. given aspect. 

i>urii P.4EMS ie greatest in the Superior planets when they ere in (□), &0' longitude (or 6 h. 

from theSuti^ and therefore on the meridian about Ga.m. or 6p.m. As phase decreases with ipqreaaing diatance from 
the Earth, it is only observable on Mara, which becomei gUbom —».«., not quits a full disc.—and qn Jupiter, to the 
extent of a alight shade along the LLtub furtfaeat from the Sun. On Che other outer pUnsle it la wholly uumOBaurable. 

Albedo.—Whan sunlight falls on a plaoci, part U absorbadj^ the rest reflected i the Alb^da of the planat is (he 
ratiCp to the total sunlight racsivad, of the light it refleoUin nil dirfeotiop*: tbii eannob be cieterinincd from fidl pliaae 
sJonfrj and difTenmt fcrmulie give rather diderent resolt® in bOih* tjaieSj, an tlta Table on p, viiL 

Hefl'AOUO'll-'—-All observations of position have to bs earrootsd for atmoapherte refract ion, which ratsea a celeatJal 
objoct higher in the afey than its true poaition, by fully at the human, decraasiag to O' at the unith (Tablep. x). 

AbiFPatiQTL—-The velocity of light xa net infinlle compared with the Earth's orbital velocity, and the two 
velocities cambiui>d rmnlts in a amall variable displaciuuqbt (max. 20"'47 on each side) of cclcfl'tial objects from their 
true positiqba]; the Earth's rotation qatiaea a lesacr aberration. At the end of a aidereol year, however, a died star 
retuniB to its original place, so taf mt abcriratLen it ooncerned. 

Apparent : TfUfr—In astrononiy ' things are not what they seem,' in htrral fact. Movtunents actually sron. 
and po^tioDS reoif off, by thoobaerveif, are in general not the real movements Or positions, owing bo rirfraction, aberration, 
Earth's orbital motion. and are therefore called AjijMTimi or observed movements or posatinus—Apparent TitQ** 
Noon, K. A., morion^ A*, The JVw (real) valuee sre ^reduced' from the apparent ones by eliminating the off cots of ttfrae- 
tiou, and other fanburs modifying the actual vsJneLB, but aomotunea ‘True'«^Appareol/aa In TrueTimCi True Equinox, 
EpOOA—Tha dale for which an aatrorkominal oataSogne, charts or poution, 4e„ has been calculated, an, sooner cr 
laiter, prorossion, proper matiun, pekiasptibly dnuigti the pesttioiii given, and roni|>ariBcn at future epochs would 
be u£ liitla uso without thia date. The iiaual date Is Jan. let of the year; that q! 19h0 Is a stacnlard one. ' 

EphgnldrlS (ploral Ephemerides). Any Table of caloiilated positloiia, Ac., in cnnnectlofn with aoelostial object. 
Tbs Anurrica-n E}di«m 9 r-U correeponds to the BritUh Abutikei/ AhivBrjUKi and has some Tables nut given in the latter. 

EquEition.^A sniall «>rrectlon on the iiguros actually observed, to elimixiaLv Instrumental, uculor, and other 
impurfroticns^ grouped together aa Arrcm—La, rrror* that always recur when the obsorvationi! aro repeated 

under tlxa iame Eonditioni, and with the same instnatEwnts (decidnXiM A'mprs are LhoM that do not recur, as from 
abnormnl rcfractfon, Ac.). Also a similar eorreetdon. for orbital irregularity, ss in the of Ttine, and q/" iAc 

AyuiairaJi# For the arvors of the eye in otMenring, see an inberoaitog paper in the voL 30, p.4. 

Th^ FsriaW Eqiialion of the observiErr affects obuiTVJLtiOTts of avary kind, and for rebned work has to be found 
by experiment; tha transit records of one observor are ragutarly late or early oompared with those of anotJier observer 
CeJoar anti Equation, see p.l7. Tranaita of tha xame iutr recorded In the hours after anniat and 

before sunru^ raspeetivaly, also tsom Lq require an equation, a difference of soma 0'06 second hawing been notedn 
FtindamentsO or Clock Stars, aro stars the pnsltinns, Ac., of which have baen measured with the utmost care, 
and which ore u?io*j as raferenoo poiuti far Adding tbo RA. of other atari with 1e«: labour. Tha positfons of these 
stare for each dnv is given In the tluy a» callcsd 'clock stars ' becanaa they are used for regulating the clocks. 

Dopendancleai a short, and aronrato meibod of measuring positions on itar photographs from the 
Ctnlrt _ an imaginary point, clodic to the image of an asteroid or planet, tha position of whieb ean bo exactly nalcmlaLed. 



* ASTmmMlCAL TERMS. 

A Day ia (a) ttie rotftbioB.pnrickl &f tko Sun, Bloon.or * {h) the inteml between (taceeMtivit retutni 

ef ft oaloatldJ body te na tjbHerror'i meridun. With rcjipcet U> tiio Sun, or a utAr, thrqe ' dftji' ure Died in ftatranDiuy;— 
I. TM iffviiAiwy Tkxif of 34 bolun—Btrictiljir the alightiy hregnlftr iiile^rml botwcra BocQ«NiM 7 e trJiruiitft of the Pisftl 

Bun, but b piaatioa taken M die unviuyb^ EnttsTi'aH between thw of An tbiAgioaiy ► Mfsno Sas,' adjusted to the «e«Fn^ 
aalu* day. The true ih>lAr divy tii VAriAbb to tbe extent of 51 te^ioiiilfl kiatwisso the AKtreuiMi, beihR SO BOsjondB nvot* the 
mean jidIat dej ftboiit Dfti And S] BOotroidH ondAT the mciwi felxiut SepL 17. A nw sluy or tiaCe on the EaiUi biiginA 
oej ttio £ 114*^110 mariiiiAd 1S£T E. of Greenwioh, with deviationA Jbr gBcigrAjkbi(iAl, &o.^ rtAHonA •fufinn jov B, 
Lon^ ujKf Sfarittt Da^ Ate At the SnUUcee, but owing to the ditiemwe botwoeu BundiAl aiud Mmxi time imd 

to obAngOA in it rBBnlting rmm the TArytug bour of Bimae^ of HupTise HI diflorent lAiJ bdfH, the dAtoa of eftrlitHtriHiug And 
Betting TArj Irons tbi? pwtaid iwliftiaM wth tbe ktitudft Thare Arts iwo oarliEHt* Aud ktMtu in low lAtttinlcit (jeo fn, 

% Thi Sidonad (oouTontioaft] Jof fli DidjffiiSAl or EjL houfi, the IntoiTAl batwwn tnocetaiire trAnHite, ntM of AAtar but of the 
o?or'in(lTiug 'X^ue Ek|uiuox f£3 b. 5d m. Ailbos ancA- nieAP ttEue) ; it ii rAAltj tho A^lrtAoeJidf oiderAAi dAT,, used In prof^- 
aofti to fS) Lwaubq the Sunk E.A,— being ftlvAyii tf About Hi Arch SI —u ftlwayA About the BaXne on A giyflin dAy of the yeAT, 
3. Th* Tnid Suimal Day^ thn intcryAJ Li«tw«ef] iiiii»iiaid va tnuudie of a «tAr {23 b. fifl m. iiHfilKl meAU timoX ts tho ^iir t 
period: of thfl EATth^a ahaI PilAtiou. Eiuih yoAf it IaIIb behind (S) by 3'S AodA mean time, oreuody 1 daj in 25,1100 yoAm 
A# this ia nmrly 1 hour f>er 1000 yoArs, the atjub Ikiniliw to ua aow a* wintar, epcing, Aid, atAm will in itiCM 6000 yeai* 
be thoae 0 / Autumn, wbUif,. ftcv ITio ttuo udoFftA] day l»i|lr«eu!Arly) lAngtliemfig alxml l/lOOCtli lecodid per ceDUity,. on 
the AVCfBigei in hannony, tberaftii^ the aidcreAl y«r, eipi*6«Md in dayii, aAorrttnr About IfStd Bwxjiid fjor oentniT', 

A Lunar J^ay, tho intorvAl faotwccn auoccHive meridiAU trAnaita of the Moon, varief from 24 h. 38 m. lo 25 h, 6 m,. 
And ftveragsA 24 hn. 51 m.; it dutonnines the ttdo^intsrvA] from high wntor hi high wAtcr, wbioh ia a luuAr (iuj. 

Out M<enfi iVma (^loon Sokr Time) ia baaed on the mOAO vniAr day; Trw^ or Apparent Saico' Ftme, or iundiAl 
time'^whieb rerieB Bligistly from cIaj to day—on the Sun’f Aotuftl aouthlngAi Sid^raal 2'^inbi, on the AideroAl dftj. 

The yBar.—The ^''ofar, Squinoctial, or Tropicul Fear (3$5 2422 eoiAr or 365 '34U3 side real dys) in whiisb the aaMonK 
recuTr ia dHtormiaod by auoaeaAlTo mioma of tbe Snn to tho Mune equinoA} op to tlieanjne 'tropLc’ or 'aoktitUl point,' 
the point on the atar iphcre where he Attaint hia graateet diatimce X. or S. of the Celettial equAtor, on i]Qtd.Auujurt<r 01 : 
mid^winterdftyi: 'tropic' aIbo denocet thr DrcHnatioti pftrallela on tbe Btar Bpfaere pAuIng throogb the Aolatitiftl poiiiu. 

Tbe Sidermed Xear (3lG5'25d'4 daya) ia tbe ilitarvaJ betWB&n aneceuiTe coUjunctionB of this Knrtb with A Btar, A.<i 
nenn from the San; it ii the true period of the Earth'ii orUitid revulution round tbe Sun. (BbUryearu 2Q^ tfiiti. loBa). 

The dnurWiefis Tear (5^5-2395 daye) ia the meAtt intapvAl between tbe EAi-th's retoraa to perilielion About Jad. ‘ij 
Aa it i^Ariea a day or two on oneh tide of tbe mean, perihelion BiAy oenur twice in n OAlendar yc&r, or not at nth 

The Julian Ttar, uaed in our CAlendar, hu oiaotly 565"S5 (3S5i)daya^ the fmctiQn ia ndjimted by hATriug CoLmdar 
Feora of 365 ar 366 ciayB, the latter in erury fourth year diYlelble by 4 (leap yr.). Ail yeare have boan. JiiJiaa aincu the 
Julian year wah inetituiod In 45 b.o., eioept (a) 1582, whiob by the GregoriAii rsTiaiou of thati jeaT baMil only 355 daya 
(Britain and ita American eobnioa cubatitutod 1752* which bad only 355 daya inetead of 365}, and (ik) I7(K), 1800, 
12^00, nsBtriotad to 395 daya by the now Gregortati rule omitting leap year in century yeara not divlaibln by 400. 

The ZutMr J*«w (354‘3670 dnyij of twelre lanatlDiiA, need in the Mabommedaii calendar, hae twoke luouthK 
of 29 or 3Q daye eaelit bated on thepAmu, or drat obtervatioii, of each Kew Moon; it may have 354 or 355 daya, 
Rtttd't FictifiovM Fear, uted in tho Ht.A. ^leon Star PIacca, bogini at the IrutAnt when tho Sun'e apparent mean 
Eongitude ie ISO', on Dec. Slit oirii date (in the y.A. 'Jan. 0,^ to which it oorretponda), or on Jan. let. 

The Selip»v Fear (346 6200 dayB), the interval botwem BUDceuivs retume of the Sun to the samo node of the 
Moon'a orbit, i» the period of poiaible roourrence ol both aolar and lunar adipaaa, which can only take plane when thetc 
bodies are within a amalt diitance from the node. It ectipeo yean are 65S5'7S dayi, olmc^t exactly the uune as the 
Ancient 'Sama' cycle of 6585^32 dayi, (18 03 yn.), the period after which the lanie oelipKB ocour rejgul^y for centuriea 
A Planeft r*ir dmiotoa the period in which it eompletm one orbital rerolntion round the Buil, 

Lunar BfontHS. —Synodic Month or LuntUi&n {uioan, daya), the period from New Moon to New 

Moon, or between Aim it at pbase*, Tnriea between and 2ft J days^ New Moons recur on the anme day of the year 
OTery 19 yaaf* (subject to leap-yBAr dliturbancea)—the ancient JUtUmic Cycft of 23S lunation 1 , or 6B40 dAya. But 
four cyclflA were found to dispLart mcuTFcmQO a whole day^ “e 235 Eunatione only amounted to days, so tbe more 

■ctranttfl CaHippic Uyda of G939| days is 4 was tnoJund, which adjusted the error on the bauw principle mi leap year, 
Th^ AnmiMUiic Month, from perigoa to parigoA,, 37 55455 days on the Avnmge^ is the peru^ of the Moon's cbniigHi 
in angular diameter and luminosity, aa eenn from the Eartb; it froriei a day or two on earii side of the moan. 

The Sidorval JfottlA (mean, 27'32168 days), the period Ln which tho Mcoit circuits the star aphere from tronait it 
the same initant a* a star back to transit at the samo time with it again, ia alao the ahOrt-tenn period (p, 38} La which 
anoocnltatinn maj recurs or in wblob the Moon's oIckm proximity will again binder the obaervarion o£ a eiar^ 

Tli* ybdvxd Month, or IhwoMtic Period {mean, 27'212229 dajA), from a uodD hook to the aame uodH again, lb also 
the period in which the Moon agnin attains her grealoat distaoce N. or b, of the Ecliptic: it Toriei from about 27 to 27 
days. Ai the 11 non'i ftodea travAl weetwnrds along tim Eriiptic B^bout 1^* per month, her path cweepi ovmpletely 
round the Btar aphnrii in about 1S4 juani: the Ecliptia therefore smprcsimia the Moon's miei^e p"-^ the star sphena 
Tim Trcpin^ Month (mean, 27‘3 3158 daye), the If conk period from conjunction "itb the True Equiuo* back to 
oonjunotion again with that Equinox, la the period after which tho Moon has again thn Aomc loof itude. 



ABmONOXlC^I, TEiiMS. 1 

Sldi^reBJ TlmOi nisd fgr meaiarini^ RA., fi t!bd intorraS^ in aiidgrBELl hount mmiitaa, and Kaondm^ atnos the pn- 
oeding niundjaii passAgE^ at a giTeis plft«a, nut u£ a itat but gl tlia Ti«u« E4|Diiigx Ar Hlrat PoLut ot Aj’iea ; each iide?eal 
tioTirii 1/^2ith of th« average intervat (mc below^ and 0'@3 swm. Jmeaii tiene ibortnr than the mean aotar hour, maAing tJin 
iidereal da^ G5'dt a (mnan tiTne) ihorter than tlio tnoan aolar daj. Each oheqfvatar^ hiu a aidet^t olook kaeptng 
thulfme;, to give the hcur of R,A, on the meridian at any time (Tabto p- 9 :iv)^ at Ohm, by^the olcHdr^ the True EquinoE 
ia on tho obeervatorj'p meridian. An that t^uinnx u not dii^tly obscrvuibl^ on the incjddian, Lho olnok k regulated bj 
obBerring: tranflitA of 'clock' stani, (p, T) of ksown |»4itmn^ given in the N.A. 

Sidereal Time u thus a iswai aidoreal timiSi inetumr^ from, atKl k»piDg atep wltli, the Tme Equiooi of date, hut differing 
fwm tha aideraal tnne of ovnry olher oiMeF?atOiy not Cn the Hoiiia nmriclijLa. fiaiug meamired by a okidc It ia A ttniform 
tinso, but it U iwt Atia^d J\W, the iatarvaT betTPOBa incMwivo tnundto ef tlie True Equluoa being itigbtlj imegiiUr ; 

the diDcrenoa fmm tbs dock time, hoTcmr, ii too auiall to oauM practical inoDotiiaiaDcn. 

Uniform or Mtati Sidoivai Titrt* haa tin aama reJotiDH to ordinary ildoreai time aa k!ean Time has to True Time, 
Tt ia meftaured from tho JfAtn equinoi of date, inetead of the True eqniDoa; the difference never exceede ± 1 2 aeoa 
flle^an Time, ahown bjordlnaiy nlockii, Ii the intervai linoe the preceding 'mmui midnight,' or iiutant when, during 
tie night, an ordinary cImIc, oorj^eotly regulated to the average length of the mean polar day from noon to noon, aliow^a 
13 hn,, or a Sli^hoar clook ihowa lira AToon ia the iuBtuit when mean time slocks indicate XII, at midKiaj, 

Each country has its own meridian for 0 hra,, {bcm beloir * Standard Time')' iio»I Ifttan Tim*^ see below. 

Appar^t Time or TViw Time (solar), ii Stttulial or Loeol Tiim, bae^ on the observed inUjrvalfvariai slightly, 
p.8) Viet ween two aucaeatrive transits of the Bun's centre at a given place. These differences, by aocumnlation, ony 
mount up to ± 1^10 minute* from the mean ioterval, tbua to obtiLLD the true Local Mean Tlmiv a oorreotum called 
the MqaQiinn af TSnie has to be added to the True Time, or auhtracted ; this is given in almanaoa, lOnietitiiea on the 
luadial p. ai). The Bon and clock agres^ however, on or about April Ifi, June lA Bept. I, and 

Astronomical und Civil (Mosn) Time.—Beth hagut at midnight, the former starting at Ohm., the latter at 
12 a.m., and are the aame till noon—in Civil Time 12 p.m., when the hours hcgin again with 'p,ta.'i till midnighu Put 
Aitruncmical Time, to avoid confusion with a.m. and p.m., oontinues IShra,! 14 hra., to 24 hri. or Chrs., midnighL 
luterval between two Pbenoiuena^^Tilt Doe. 31, IS34, the astrcuomical day nn bnm neon to noon, lo that iislaat twain 
bonm wsrt In the fnlJowitijf civil day. As thli catiBed Bonlbaiaii, un Jan. 1,102R, Che astrcuomical day banning was put bads 
twelve hours, to coindds with the civil day. H^rwa in flndlog intc^ols, one boToni and the other after midnight t>ii& 31,19S>4, 
tn obtain the troa intervah Atnuw niKif ^ d^ticted fruin the apparent inlsTVAl arrived at from the jVA. dates and hours. 
Ttie bast way to find long intervals is to convert the dAtes into days of the Julian Foriod (boo lieLcw) by the NA. Tables. 
Universal Tlmo (tJ.T., T.U.), [Britain, Uu^ntmeh Mean Time (UM.T.)i Qormany, World-time, FT.^.}, 

denutaa the Mean Time for the meridian of Greenwich, itartlug at tnidjiight for both Civil and Astronomioal Tuna, 
Ouiudo BritAin, Qmenwich Cvetf Time(Q,Q.T.) was often used for this time till the LA.TJ. adopted U.T.^ 1235, 

Noen to udod astrauamiaal txms, when mpured, is dcsigruitttl Q.MA.T ,—Greonwieb Mean Astrenociiiisal TimoL 
Standard TIR16 i* an intematioinul arrangemsnt Cor facilitating intsr-comnmnieatlOn, whereby (a) Gresnwidi 
is taken as the univoraal »ni of longitude and tune, and {1) the oScial mean time of each floontry or targe district 
dilfbre from Greenwich, time by an exact multiple of half an hour. Por the vurioun HUndird Times aee almanacL 
LoCllil Wean Tlmei requimd for finding the cloclt time of son rue, soothing of the Boo, &c., ia the true time 
of the meridian nf a place. On the stamJard meridian, at a given hobf, the local time is slow oomparcd with that 
of places to the E, where the day bi^ins soncor, but fast compared with that of placoii to tha W,; hence to obtain ideal 
mean time, add tOj Or suhtmift from, the standard mean lime, 4 minqtn for Mch degree Lho place ia B. or W,, fEspeci^ 
ively, of the sbyadand meridiaiL Thus if using, in cth*r places, the Sam'ise uad Sunset Tables calculated for the local 
time of the standard meridisji (see the aTA.\ the longitude corrpotton must be mltroaud for E, added for W,, u the 
phenomena take place earlier and later, respectively, than at the staodanl meridian. 

Lig’llt-Tlmej the time takoa by light to travel from a ooleatlal body to the Earth at a given moment^ has to W 
allowad, for whan ooinpuriiig true rotation period*, dko For tiia Bun, at muao disLuceB it Ja 428*58 secs. (S'S! min.) j 
thq maiimmn is about fi'4m., the minimum, 9*^m. The observed maxiina and minima times of variable stars nequJre 
a + or - ligbt'tiine uen eotion lor the Earth's paaltloc, as periods are utated for the Earth at mean diatanoo. 

Thfi Julian Period used tn calculate the exact interval between dates at long intervali apart, staru on 

Jan. 1, 4TT U b-U,, at noon. The >/ulien ZJoy, or Dale fconfcracted J.B.) ii the number of days that hav* elapsed 

■lince the beginning of the Jnlian Period | a Table in th* N.A. gives the Julian Day corresponding to Jan. 1 of each 
fuuHh y^ar Irum 1 b,cL, which the Table call* ' a.O. O', In ardmaiy chronology, A.D. 1 Is the year foUowlui; 1 n^a, and 
lu tham ia no lero year, when n.o. and a^d. years are added, tlie resulting period L» one year too great j or, if subtnetod, 
oue year too little. Calling 1 £i.a, 'a.d. 0 {aatronoTnioal)'; 2 n,o., ' I n,o. (aitrcni.),' and so on, gets over the difilculty. 

For astronomiflal purpesss, daBlmaU of a day are employed with the Julias Day, xnatead of bouia and minutes^ 
ai addition and BuhtraceioD are easier; thus Jan. I, 1026, ^p.m., astronomical time, is stated as J.D. 2,434,51 T'37fi, 
rEycIconed from noon. But the ■TuLEan Period being still reekoned from noon., net midnight, notn that all astranomicaJ 
houru lees than 121 l Om. (or ■& day), still belong to the Julian Ehiy jtreeedin^ the civil date. Thus Jan. 1,192fi, Sam., 
iitruuoBiical tlmc^ ia J.D. 2,424,610 875, i.e,, Di*e. 31 1925. ?T hm,, of the Julian Period. (Decimal* of a day, p.*T> 

Q ^ iI.AjJ),—J ullui 1!3e.y^ 
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im THE galaxy ahd the stabs 

The G&lactla Systetn^ — ajtgviiQtii ctmjfMtum* aa tp tko atmettma of tEia T7ui vane harl been poeriouilj 
miuje^ aotliLnjg wAit knowu pViifvrvatiptt liU | wliatiiSir W, Hiitmchfil aa&ctudid^ from tlisdiitribntiptv pf L-tia itAm, 
Bjvd T.]]® neJatiTO raii^itndea p< this Tbrlghtisiit and taintesL stim heen m hli lfi|-uich teteai'ope, llmi tho Gakaty wsa in 
the fqirm of a thin lapa-HhafKcl disa, flit at ons and lengthwayt a-bam the Milky Wny braTid»». lui leagtlt iia stat-ed 
;ik)uc «iE timea itM gre^utOHL bi'ociJtbt find he> belbyed that iha Bun wu near its centre^ bnt un nothtfig wm kECPwn 
of Lbu disfcanwa of pycn the brightest nntl iberafore preeurnttblj the nearest Ftora {eicept that they greaErr tbjwi 
that, ourreiipaptling 6 p 1" annual pfirnllns), he could only state the dimttnfliptw in wtuifc ha aoUed the (uti' 

known) diHtiiJiGt; of op nn ftTeragc flnt iitmgnitutlD fitar; tLi* cpnld be (Kinvarted into actual dimensipHA 'whan the 

parallfix becatna known. Expressed in roodero qnile, Hcr»chE4sditJienuPttfi are BSSO lightrycam Mroes^ iCftS through. 

When^ hpwavar^ tha distaneea of the MageJlanie Oloutla (p, llil and extrir-gfilaetie Nebulie becams known, Oer 
UnirarM wjia found to hsTs dei6nite liintta, and te be mafely on ’nd&aiJ uniyarse'—one out of milliam of slmalar aystema 
lepnrated by distaneea of niilliaoe pI light-years. Oar Calaatie System—oontalning emua 30-1 OS',f)00 milltou ttnrs, and 
perhapi largisr than the othen—ficrma to ba in the form of a lens-absped disc aome 100,000 lightryeare in its greatest 
lengthy and some SOOCHOpDOO In its greatest: thicknesa, with * epherpid^ centrepurbapa Ih.OOO Itght-yean. in dinnetcir.* 
Tlie liars are greatly pundonaadi tewArds tlie galaoti'a piano. 

The Galaxy ii la fotatioii round fifa/neifii? ispipft 30,000 tinht-ypari from the Sun, In the denHe atar-claads 

nt theloinatinh of the radip ^EpiirM* Sjiei+taries A nhnni cJtSictii? lat. U'^aud Tonp, SSS*- (old! ayNt.rtu, ’Map 131—there 
tfi no pvidflrice for a oantrai Sun, nuca thought probable—and tho rotation perlodi of its mamberi dcareaiie with 
dLsUuae from the centre^ thnss near the Sun boing about 325 milliou years, at a qjpfld of soma 275 km/MC*. 
(171 m/Mes.), Thfl /{t4(ii%ATvd J'erm of the Galaxy is tba rotatipnal reloeity round the Galactic caiitru eorrespondlng t* 
a giyeii dtstanca froin that caatre (but may W naed cf apy term ariaing from gRlftcticrotatipji) e being proportionaJ to 
the distance, it can he foand hy meaauring thw inteuiily of intcntclSar line*, (p;S3 ; see I>,A.Q., vnL5, 1933), 
WplMLayut itars, Caphtiid varialilca, PJai^atory nebulia, the (Jiuieoui nebuln, fitari of Typoi B and N, and 
eclipiring blnaTiCB, show lui unnaually strong prefenanco for the Milky Way and iba neighbourhopd, while th« Globular 
alaatpra and EattBr^lactic nebaloi seem to avoid it^—new believed to be largely the result ol the 0 |iiifjue mattar 
being distributed inorcr thickly in the Uaiactic Pkne, cimiEar to wbat U seen in spiral nebulas viewed edgewaya 

It ia pfeijable timt Oar Syatam of itarS| globuJar and opn otusters, jpiasqus nehulit, and duet clouds^ u n spiral 
nebula, aometliiug like the Gi-cat AndromciJ» Hehula, with local ccndenHatiqna in its amis, in one of wiiacli the Sun 
is situated a tittle abpvp the plane ql the Galaxy—tbn Galaxy bring a ■small rirclc' of 63' (Struve). 

jl/olciyalarifc SpAC* is space oulaEda the lumta of the Galaxy | dncu^odiictiic Spocty that within its EimKa, 


Interstellar Matter,—The spacn intervening bfMiween the mens her* pI our System is not empty, an woi once 
iJkCught^ but i* pccupiiri by tnaLtcr of eKOMding tenoliy—which has been computed as being ef tlio order of 3 ounirBC 
per iiDOO cubic nuleyt—roiating on the whole with (Jm gunpriil bymt4un, and rcvealjiig its priuience by Gnbarstriior lines' 

(p. 33), and_^nenr tlio Galactic plane, where it is densar, Uiough oiHowhore luoitLy evutiiy diatrlbuted—by light-alKiPrp^ 

tion, which nHldona bhe itan (p.-3), l'heiH> arc also vast opaque elotids, pmUably minute duai particles, to which the 
irregular breadth and onbiinc^ and the rifts and gap^, of the Milky Way, abo the dork patclie** rise where, are partly due. 


The GsilfiCtlO Plane, panning through the central tloc or ec^uator of the Galaxy (Galactic laL 0'),. ii of 
fuiidaui&utal importancer in ateUar study, owing to the peculiar dUtrihution of vaiiDua classHes of objeets with respect 
to it (floe aboTuX Thin plane is compiobcly deSned by the poitibton of its N. pole, but authorities vary (see beiow). The 
LA.T7. (1®33) recammend aa the Standard Syatirm forstatiatlcal piirpfwwia, B.A. IW*, Heo.+ 2S', 1900 fOhlwon, practi¬ 
cally AriirianrlcrkJ, For SK^ijled ArflOJ, Har^-ard use# Gould's value ; for Galactic ChairtH 17-18,^ the Standard k cjisd. 
The IriiEaGtla EquntESr ^Autheritica liilTer somewhat as lo its course, as is not mmatural owing to the very 
irregular outlme of the ^iilky Way; reference to the rangh outline in the star maps will show that in eeverai places 
the Galaetic equator qomea tiiinr the edge of the Tisible Milky Way, the obaerved ocotrsl line of which aventges 
sboEit of the actual eqoator. Ncwqqmh'a ppsitlran for its N, pole (wee below) includes tlvo ‘hninch.^ 

The Kortli Gmlaetic Pole Is about I'W, of ^ Coidjei Bcr- (Map 9), whore the extra-golocEiie Ntibulm cluster thicklyi 
the Table give* various anti mates (HaiMi not epoehs)! t>m S, &^a£tisJ’cl4s is near nebula E, Vl 20 Sculpioris (20*, Map 4), 
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QnlAetle bongitudii —In the *yirtJ*ir« used up to 10 * 0 , palsctte leupitudfi wns tneaptn-rsd from ths point cn the qaTitrtlc 
aqiintfir wliem it la intor^ted ky the wlestsol equator, at jtR H.A. f 1 hfiiTs KTsator than that nf the paloctlr polf. In thfi new 
smteTn this U no IcngsT the na» 7 the Mmi-rircle of wm lonritmin le chnaen to poa* thronph the pmeiuBcd galaotle ccnti# iti 
the direction 0! the radio nourw S^grttarlds A For the predw diiflnltiim of the new (jnoriltnate systoco and the haala of it* 
(ihotcO, *M p. Bla 
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ThO Milky Way Ol* GalfUCJr ««npe»ecl at inillia&i o£ Btan, cbwrTiBttTQniJlj fomii ni^reat ring ^ilroding 

right rautid the it&r sphere, inolin^ aboiit ^1' tiCP the Cahptiti plan^ ubtl xtlt l^ngthwni^ tiDQ part. It if brigbtovi 
in Ovjfntifl luid Aquiln (S. E^tnifphera), in Seorjniui nnd Sftgit,t&riiii (S. Hftmisph'tr*), nnd fainteat in Monweros. 

Skjtween and Scntpittfl the Oftl&xj forma two narmw parallel hnuda fnr antne IlO*, thirn it it very mvcib 

broken up and ctomplex for a oonBider&blo diaUnce, bnt brighter, e&peciaUy in SAgittorluip wbere the Indiridual etati, 
in the star qlo^ds are eo denitd j pocked u to be indiatingniNhable (not well seen in European latitndBap ju they aouth 
low in Tnid-Biiinciioir). In Argo, iiieur Canopne (BO'S.), the Milky Way In (vimally) pompletely divided uraaa for a short 
■dJstiwcnt hut near Ouiii Major it ogatn becortwe a though feinter band, whlah norrowi to about 5' in Taurtu, 

and brohdotis out once mora in Pnnieus and Ciuaiopoia; ItB very vnrEable width avertigin Ifi*, but in plocee itia 20’ or 30*. 

The C^al Saak^ a tBinurkhblo gap (etarleai to the naked eye) in the Milky Way, near the foot of Crux, appeara 
like a dark aby^ in the surrounding brightness—largely due to contrast, as, in a photograpli, the area if much brighter 
thnn in tbo uon-galootic regioni in the vicinity Thii gap, similar bfot emsJkr gaps in Cjguui and elsawJiere,, also 
the Great Rift in Argo, are believod to bo duo to dark uebidin (p. Ij], Interfeniog between oaand the Galaxy beyond, 
Stsliar Fhotographs takso on Ordinary plates, differ in general from what la socoi visually, owing to what may conveniently 
ba tannEd oolcDT index sdoct^ac, stSTB bltHW then AO being photograpliically brighter', thoAf redder fainter, tljan (.hoy a» 
vuraaliy (p. IE), 8och photos show faint B ntare bright, and bright M pitalw fiunl, midring familiar rimial groufjf untOixjgQisable, 
Pliotograptii of tlia Milky Way (sectioDal) sjagiven in Jlf.J*, voLa 72,60; otbsirf are in i>w MUeAstf^ut (.Gom), Hamborg IWI, 
and in ilrnttHtitcA <def Aitrephint^ tqL fi (4> _ 

Double Stare Siars whioh lO the nskftd ey* appear as a single point of light, but when viewed throngb a 
lelespope are found to he compoaeci of tw« ftara^not necefeorily piiyaicalty eonnfieted, sa they may simply happen to 
be In the iamo line of sight Triple Stare have three, qva-drnple eiare four, and muiiipU tiare many componenta. 
Where one ol the stars is □£ a mneh smaller magnitude than the Other, it is often styled a cem^j (pluraJ comitsf) or 
oompiiinion. The most Intereitiug 'double!,’ ikc., aro indicatetl iu tlic Notes ap| ended to eonh star shart 

Blnary Scats *re double Sta™ which are 'physically oonnsetad,' revolving round a common centn of gravity, 
and not meraty chancing to be tn the soma line of sight Spcctr&toapui Biiv&rie* are those found tu bo binary by the 
temporary doubling and dUplacemenI of the lines in their spectra, although too dose together to be ' resolved,’ i.«,, seen 
ieparatfl inthe wlsscope, Viitible binary slara have periods varying from two years to many centarien If the plans 
of their orbit is in the line of sight from, the Earth, tlicy may be seen to approach clotar and olnsef togethor, and 
at last appear to tfaa eye oa a single point for a considanthls period, altar wards opening out again. 

In a binary aystem, the motion of the companion it when the potition angle is inoreaiing in dogreei, and 

nffreyrode when decreasing^ The smaUsr tUr it somEMinaa said to be iq psrvssiron with the principal a tar, wbon 
actnaily (ai. distmet from appanntly) near^t to it; aud in ^oofjlrctf whan furthait from It, 

Star Clusters ar« imall groups of atan, crowded mom or 1 e:«s dnaeJy bogethsr, whtcli in Ihn te1eaoop« an 
glorioDS iighta (aee Nctea, Star Cboi-Ls). ,f£iir Ciloui^r dilffir in being portions of the Uilky Way itself in which tho 
stars an so oLosely packed as to appear as a tmntinuaua irregular bright eland : they are most conspicuous in Sagitt. 
arius, in which the cantr# of the Galactic Eystem seems to be situated. IS tar cluetera, proper, an of two kinds 

Globular are globe-shaped, ileaaely-pankod mouas oJ stars, tUiantng oot rapidly at the odgas of the central 

condemution, then slowly when the dlstaTtccs between iDdlriduai itan has become conaidorable; M 13 in Hercnltn 
(N.G.C. fl20S) is a typEcuit specimen. Over lOO are Icnown,* few nearer the Galactic Plane than about I O', and all lie 
in the region betwflcai I4S’ and 4l' Galaotio longitude, which indieatsa ootisiddrabls eccentricity with rospect to tbe Stui. 
Tliay also occupy a place opposite to the majority of the Spiral nebulie, being mostly in Ophiuchue and Bagittarins. 

Open Cltttiirs have no canbrol condaneationf are more or Ices irrsgalar in form, are often JueodLated with 
nebulosity I and are most miinfirous oppodte the region in which the Globular oln iters prod ami note. Tho Fnesope In 
Cancer exemplifies one type, somewhat resambling an open Gtohnlar claster; the Pleiadea, in Tanmo, represente 
another type, an irregular, Jit wcU msTkcdi group, the compouentt of which have a oamman motion. 

Jfouiny Cfuffsr! or Siar Graupt am not clusters in the ordinary BensOj but gtoupa of itara which have evidently 
some intimate relatiqnsbip, os they ar» moving with similar vrlocities towards the sarnn point ud the star sphere 
proctor termsd this phenomenon ‘star-drilL* The iadividual stars may be in widely di^erant parts ol the star sphere. 
The beat known are the Taurus, Ferseni, and Ursa Major groups: the latter includes y, H, s, ^ Majof^and 

the upparuntly unconnected stan 3 LeonisT flirius, J0 ErirTani, ^ Aurigm, and a floronit Borealis, 

The L0>cal Cluster, inlerred to exist from the study of parallaxBa, nLag[nitudiu, *o,, U balieved to be a bun-shaped 
aggregation ol stare, like a viuy opun Gjabnlso- dnsEer, to which mir iSuii appears to beleug, and in whloh he is situated 
a lEltl* to the north of its central plane, and xomo diatange to ona side ol ita centre. Its oautral plane is inclined 
lO'dR' to the plane of tho Galaxy, and its itara are rolativsly near us, compared with the Milky Way, and aampara- 
tivtily close togeLlior^ while iU diameter is of the arder of 1000 paraeqa^ or 31300 light-yoara. The majority of the 
brighter B ttora snem to belong to this cluster, and aecording to Bliaploy ita apparent oeutreia in Carina, 

* S» lUmt, in. ff.jL., 7dL 76. sad 776. 
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Varlabla Stars are thMe which wajr and wane in hrightnHS; theremre many varipfcieat which afford a useful and 
mb&resung studj for amatear obwarvera. The Am}}li£ud« (jl, Tisual, photopapbic, &e.) La the miiigo of magnitude 
hetwcttQ nnsiraam and minioiuiii. The more important types are given below (See Kotas on ObHeiring, p. 43, and 
on NomcDclatiire, p. ix). 

When a variable star is^ for the time-being, a morning star, riaingebortly before sunrise^ its niftKimuni or minimum 
ti oaLled a * morning * one. Similarly* ‘spring,' '^aatnmn,'' maximal, refer to the tfma of yesar at which they ooaur. 

1. Mov*^ Of Kow itare, also (called 'Tempopary Stare*' awldealy blaa* out wbere no star cf that mAgiutude Iww been tnown 
bfiftire, hot BOOH fade away to a email fnyrtion of thflir majLijniiiii brigbtussaj may be visual, tiilamiiric, or photographic, 
and genemlljr identiSabla with some fEpevioiuiIy-icQOwtj tqqry faint ator, Charaoteriftic apButTnin, with tnaxinitiia 
inlmfelty far In the ultna-ricdet—•jmetlunw having broad, bright, ami dark banda aide by «do* whidi aeon change 
following* on tbfi wbulo, but wiLh indlvEduid poDLiHanttaa, tha aoquenre detailed on p!Lg«4J^ and finally beiK»mmg 
identical with dial nf a Wolf-Hayel atar (p IS). CSbh list of Norei on p rili, immI note on Nomanolatiuisi p k). 

It U pKibftbty eignifloant that cuewt Novuo yot dlacavored (oioept tliwsa in nebulaj, are either la. or near, the Milky 
Way, and thati they gtmtly prapoudErato in one direotiou, 14 Nona (modorn) having npfiearcd froTn O' to ilCl'' Oalantio 
longitoda I 6 l^a™ freiq 00' (n 160*; 4 Nov® frotn 160" td S7O* | and IB Nfovra hrem !T0" to 380'. KaTW appear in 
Spiral Debular, appanmtly of two typw—(sndinary Nnrw, ijf ahmokito miig. about — fl, iwird Snjmnione^ about —15. 

II. Loii^^Perlod VariabLn. PerjiKla, TCblDO Jayi, oioetly abml S75 dayn; red atare (Clkuta)* of JI Tyi»a or N, Homotiraea 
S, K| or n, Range of variation tunally savaraj maguituiiaa} puririJa, and maiimnm magnitude attaiaod* are uatiatly 
(frtgntari rtsa of magnctTulti usually faster tlion the dKErawe, Typical atar* « Cati (Jffrtt): nee Sotoe on Map 6, 

IIL Irregular VariaUoa. Stan* of all typos frem B to N, (wmBtlmw aw-Kiabsi with nebular matwr-j uo regular period; 
tuMt ™y only a magnitude or two. Many varietiest bat five ohinf divtaioiw :— 
a, Bed stare with slight V^kriatiaqs, liko |i CkspheL Also sonrij fioml-regular variabloa, 

4+ M V Tbiwi Typo. Tariatino avaiwging i magnittideaL Brigh t and (aimi tuaiima aomnwliat IJka tha Typo. 

Typical staiiB,.RV Tanrl, R Scuti, 

e, Typa. Ckmataat mluimaia fur ttuwiy weeks or mootba* then a auiddeD blare-np uf revoral maguitndes in 

cftec, alberuaia long and short mailDja, with alownr fall tu a ccastaot minimum, 
d. R Co/^rbss Bonaii^ 'IVpe. Jfomial for montia ctr yuana, then ducreaHS many fflagu-itudjoH* and after an irregulw sntHWal 
rotuma to norinoL Risesa leas quiokty than it fall*. See Notes, lIspB ll-lfl. 
a iVbB«-/tfc(i Stiirt i quick riaea tike the .No^w, Moirt notable shur, 9 Ckrinui, see Notae on Map* 0 and Jtb 

IV, Cepheid Variables, with perimLi moutly less than fiO days. 

Ciemityil Uepf^ida. Qiants with a mthttf audden rise of light, foUowod by a men grediuU Ib|] to mimmum ; ponixla Bum 
a fow hnura tJ> a mouth or twn, hut mtatiy about 4| days; mngB of variAtton usually Isas than one magnitude *, spoctrum 
at miqimum may bo a whole Typo lower tkau at maximum. Typloal rtar, J Oepbid; bcsb Notea, Maps 3 atid 4. CNrphsuii 
ore cf great importaocs fur hmUng stellar distAnoea, oa thens of tbu same pwud have the aame abseluta magaitode^ 
Cephsids are thaw with Isas thau S4’hr. jwrioda, being foqnd in grnst tiuiubtm in iho globular cluatere 

T. Eclipiing VarLahiBs, m called becaore the desreM* in brtghtnsia is due to edipscv at rogular mtcri.'alB, by a oompmiioo 
which may be faintiir or dark. 

dlffol Typo. A aiogle wtslbmsrkei minimum, somutiTnEM a slight secondary ane, Typioal star, dtgol (l^otea Map S), 
fl lyra Typo. Two tiqual maxima, with a smali IcitorvcijEiig minimum between them, followed by a large minimum; alao 
called ^li^Mouifd uu aoumiJit of the aha|ie nf thinr componanta. Typical star, p Lyns; nee Notes nn 13 and 14. 

VI. Secttlar Variables—^tars which, Ln ibe eoune of cwHuriwi, hare imperceptibly faded or inoredacd in brightnaiB, of 
which there is some sridunDfL Hius the Orrek li^cnd at the fEkding away of ece of the Ficladea, is probably 

haaod on on aEtronomlual &oi. § LibriB* and CoMtitr are othor suppoiusd eixamiiteii. 

TABLE. 

The rough distribution in [lertamtugQ by nniiu types of atinifl M80 Vftriftblcs ehuwn in 
K,u.lcftrktn and Pitnenagn's Qatalogne (ISidJ is aa follow* 1 — 

Cluator Typo Crphaid* IS I SsmUrtgulnr Variables U Eclipsing reriablas SO 

CloHSiaal Cltrphaida 5 Irregular Variables lO All uthor typsa 3 

Lang-Poriod. Variablsa 36 I Nov» and asaodatoid types £ 

Nsbul^ are aiuitil, faint, miaty, patchci of light;; aaly a vniy feware viaible t-o the naked eye, snach as the Great 
Andre u : la and Urinu Nebulm, repremntativo of t wo diilerent typoa, They are usually more or losa reg^ular in form— 
aplrala, Rpindlisa, nvala, and aphafohli^but tome are irrej^'uLar or iadelluita in nutline; tome are resolvablo into 
patehet of very Ealnt stars; others are matscu of gat of oxtnimo tonuity* ^timated u a thoutand milliOuth of 
tile (ieniity of air* There are varioua type* 3 — 

L GalaobCK Gaioctu, Of Green NsbuEss (helun^^liig^to our Systom). CLsatos fa) and fb)of the» bond to alnatar In tha piano of 
thu Milky Way—tnillbe the extre-galaotio cr *White^ Naliqliii, otuaQy foqnd towards its north pole. There ore Heverfil 
auh4t¥MioiiB ; (a) aud (ft) barn bri^t-Uuo Hi«Ritta ; but shine nnt by thair own light, but by nhsorpljon niid rc-emisslmi 
of radiation from blBb-tompefatnre stars tdtblu tbotu. 
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a. thii tVii];'; uTEgialar or indeGiiito in. form, dindiigofubcd t&lwcupieaLly 

thflif gtnsniaib or ti][]ili9|] wlow [ anm^] rAfliat volpoHiw, Chk)f1;p coibjKieed of ^buJium' (fcAlVOOTj aT27)» ioniHod 
iuj*gEio^ Dull Orr, with h^rdrogoii And ItoHumi iuhj Iw ootitHictal with of it4U< fumLatioq^ xwuidtj' but 

out Lla^IijijU Bliira Bhluiu); In tboio, cv^iduatly iotiiiLiktEl^ cuiEucctod. Tbo GrL<fit Oriuti Nobqja (U42, N.G+C. 

18T6]- is of tkia T^X» [ diatexiec mAj- b« about IQOQ light jcntm !liliu:'h fointiitr^ .mid nhown boat bf pbab}grA];ilt7k atb' 
thB uebulositiaw miwwif or joialne, Hum# «tAni Cha in Lbo PIdAJa*), ftlmi obvioiwdf riinoodtod with tiw ityjit 

A. Mon or lesM oufuuluf in form, boI BO-cuIbsd hootiiiBo in b totaBcupo tliajp Bomawlukt rOBoiubla 

tho iBilit dine of a pltiHit; oiilj a foW b^yq n brighier oontnil coi)deE|ntiotL AIll hBVO a orGntml atiu- of BfflqJl m&BB and 
high tgmporbtura (Wlitie Dwarf) within tlinm—occMionAllji' not ilbtuigiiiahaiblii—to which tbo Thdbilitj of tho 
nehuk i# iiio, Twiii to aiutdeuw toward# the- Miiltjf Wiy; roktod to Wo]l-Kfl.j#t ataM {jp. 4SX whtoh hnv# sslmilsy 
■poQfjw but Bumltuf tnusa^B and Volouitiis i Blw to ^ orJU, wbioh CoirnrdB tho end of their ootbimt heiKi'mB pkuctjirjr 

tiobulis, thon jWHH intn thoir Inn,) atuge^ altowing Bpectnt idfluliotJ with thusd of Wolf-Ejijnt ituTw, Mwi ralocily 
Sb 3 Inn. {lS-7 mil##) p^r wcosd ? mA&»s up to 160 Ehnes iJio Sud^b. 

B. /Hi*ijiiZifs^VeiAuk! urinteratatlar tnutter — uiiBecri oither hj'uye or pam^m^EiUb-laininoiH, fairly oveidyKlMlributijd] cioobb- 

irelj tanilDU-a cUhuU of ciflJcluEDt hydrogen, and lodium, infetrud to oilot a# the amiplLWt tnomiB of luKiountiug for 
BUtiotuu^ tiiiH of thu?# elsmout# in the apeccra of Nuvuiy aud of very dlHLAUt 0 And B biimry BtorB. TlLft Btar'light^ 
tnvurBiug Bn Buurtiteiw Icmgth of tlia intBratnlljir nsflEtcr, auffnE!, emother absorptioti, Afid M tbo matter rotates with 
the GaUaf, its Hbourptioti liEurat dn uut inora to Bud an them uf the Bborlng aoffijXAient# do (flee pagA i£3j. 

iBsnpanturaa of ^ueou.i iiebuLn luf of LoLiTt'.-iutlBi' in^tbrr arwgiiiieq 41 bslng of tbvnrdnr df lOCl.thOQ'’ ndd rHHpact 

tiroly. II1U rniBU* that ibidr ntuois bud luoring with th« yelodty curmpuAiijug td ihcia# nif b dcuM Bt tbeiB teiupcrmturei. 

IX. DBrk Nebula. E^iipfhMod to oaiiK the dark gapa, aud the groat iirttgulanty of width aud outliaa, m tho Milky Way, and 
dark patches oEBowbora : Kveolod by photognipliy aud atar onuuMi- Great irregular elouda of noudutuiuoua opaqae 
roattWT muBt probahEy diisit, wblah, beiiig nnaper to !is than the (ialiUEy, «hi9t out the light from tbs osleatlAl. objeota 
beyond them. Largely 'n tbn nslghhoiirboixl nf tlia Galaxy; aoma am probably only a idw hundnsJ lighl-yoatB away. 
rieriKi'hBl bQliim!d tbs%o 10 bu empty Uuea butwceo tbe atam ; hla^lloEe in the iI^vimii''4B aliuoat ocrmlaly No. in 
BkrtumJ'a Oatalogns (p, rt), 

lit. Extra-galactic or' White ’ NehaEz .—* Lalauij UuiirmiMSt,’ aimilar to otir own Gaiuj. Appear abiMiL galaatio lat. 10-' N. & E; 
rapid inoreika# to 30'^ hIoWct to TO', faint odOtintkiqB apoctra, cnors or leUB rosotnbUng that of a atar ; may be compnoDd of 
tnyrioda dF fohit ataw; by flu- thu moat tmmertMW type. Prt>tB4bLy oveulj diatributed through apace,, thoaa in lower gAkctic 
locitodiwlMdMg vailoJ by absorbing matter. 

a. Ifrtfidar ^Vehulv, Irraguiar ontliuB j tue MagolknKi Ctuuiia are of this type. 

A. Spiral Jfabtiltff HioiitEy found by photography. OutLioa regular—ulliptioal, a.piTid]e-AliApe<i, aplrBl, and barred—witb].a 
dehnitB tinnleuiL The Spiral Nebuloo ore the moat cocuenon ; not i'uund in t-hD- Milky Wky, but tend to olnatcr ahomt 
tho Gakctlo PoleSr ftapedoUy the Northern one : ihiokwt in the rsgkm oj»po«tB that in wbkh the Gbbnkr cliiatera 
ora moAt uuiuffnw. DiNtancee of the firdt^r of mUliuna of llght-yaara; moetty receding frxnn ua at high Totoclti'Ca— 
30O>4O,OCIO ku. fSDO'-SA.OOO m'Llin]i per eedoud—approximately preportiorml to their diataiice, about S5U km. 
(ISO mile#) par magaparaeo. Ikimra aSen as 'HpioMilea' or ellipaea, ora obi-icraely apirals viewed odgn-^m Spiral nobnl^ 
frequentEy odcuT in gmupa, Lha mure oolewortby b«Bg thow in Unia Mii^or^ Tirgu, Cbdob Venatici, ond Loa 
ThoGrmt Andromeda Nebula (M3L, N.G.C.d2-L, vunblo to the tiokod eye)^ is of tbia type; the diatanuo ia between 
1,600,000 and g,tBt>,OdO llght-yeam Apxvkxently^npproai;l]ing,;jM the retmh of the Galactic mtation* bnt actmUiy 

Thfl lillg^aUaJlb Clouds or Major (the Groater Little Cloud), ami jVidWn/n Minor (the Lesacr Little 

Otottd) are new reoognlaed aa extra-ga]actio o-bjeotii—island uuiverties^ tlio nearest naighhonrs to our Sjateni, and 
typical 'f rrepilar' Nebutm >(extra-galiiu]tia)i They am invisiblo from the latitude of Europ# and the TJnited Sbatea, 
their Hwpodtiy# DecHnatiDna bein^ TO" and 73° S.; thoir R.A.B 5h. 3Cm. and Ob.fiOnD.. 

To the naked eye they appear Like detached portioiu of the Milky IWay, froni wh ich they araeome 30° to 40°dijB4a.nt; 
in tbo taleaeepe they are aeen as a maryeUDn.s oomblnatlau-of atan^ nluatera, and nebulm. Their dlatanees are of the 
order of 300,000 light-years. 

Ra,[ilP'Astroa0:n7,—Thia flubjoct ia at preieut almaat oompltftely divoroed from thoit# mentioned elrcwhor* In 
this atlaa. The ubJaetB which it examines can Buldum he identihed with those which ean be seen or phoiograpbed ^ 
and the mothada it uaoH, doe jargoly to radio eogiqours rather than to BBtroiminerB, have little in coromoa with thcao 
of other tines of astronomioal re^narch. Its telescopw ’ may pegembio rejecting telMoopos or optical mterf erom^itcra, 
but are of ranch larger dimunaionai 

Not merely can the sobjeot be punmedl irrespective of terrestrial clouds, but, even more important, oJsoof the 
obaouring matter of onr Galaxy by which thi more reraoce parts; ate Tnode inacocsmble bo optical telcscopea An 
immediate reaalt ia that the laapeatod spiral atruerture of our Galaxy has been, vcrlfted. 

The only star from which appreciable radio emiadon has been det«rf«d ia our siiHt What have been called 
’‘radio starx^' are Hources whosq dimeaiions are probably large in compartHon with & super-giant afar. Among 
those ff.w which oorresponJ to trleaoopio objects are ooliiding extni'galactic nehnlac and certain galactfc nebulae 
inch as the Grab nebula, which occupies the poeEtion of the super nova of 1054 One of the invUlhle acuroes CoincidcB 
with the poiltion of the super nova of IS73. 

The period of rotation of the planet Yenus given on pp. 33 and 33 woa found by radio observations. 
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Paridlaxia the AnguLu' diSereocA Iiq of ati uhjeot ^hm T^ewed frnni two difftrent standpointBp eiprsMsd 

bj the uiiiiiboi^ o! aecoudd or rnkmcoi oJ ere subtended bjr iJie line joinitigihe ttro stu^idpolQtiip fw *fmJrom ih6 of^att. 
The paralluE of a star ie reckoned on a dilTersut basis from that of ilia fiati or of ■ piaotit. 

Id Biurvud used for members of the Solar System onljp tbe two standpoLiits ate tfiq Eftrth^s centra and. 

the observer, ie[mT'atei:l by the mdius of the lilartli^B dinriiil or daily oirmiit ^ it is greatest wben tUe object is on the 
obeerver'# horiEon—the J/on^ontal jPoraWfflr—and decreases to zero at the cenith, when object^ eljisurvcri and Earth^s 
omm^ are in the somD Line; as ordluarily stated it is the £(jw%iorvd horisoutal pnmilaxp for the Equator, where the 
Earth's radius h greatest, Wbon tho object is net eo the horison it has ParrUlax in AUUmk, which decreoieB to 0'^ 
ati the jsoniih. The Moon hoe the greatosti diurnal pnralLax, max, I* SS', mean 

dnnsm/ Parallax — used for stars and nebulm only, their diurnal pamLlax being nntneaserabJy small_'is the 

angle snbrendetl by the mean radius of the Earth^s orbit—the eirrnit, as seen from the starn Except for tfte very 

noarast stars, the very minute augira iDvotved make the results somewhat uneertsio ; phocogra|ihB takeo six fnonths 
apart have replaced, with £ar greater ooaveaieuoer, direct angular measiuemenb, angles with a probable error os small 
0 $ Q^’-Ol (1/350,000 degree) being measurable. The greatest parallax known (0''-7Sb)iB dial of Prffxima Cf^anHt 
though very faint the nearest st^; It h phyoicallj connected with a Centauri, 2* away, which hu fiarallax 

A £^egaiim Parai^iL®(annual), stated iu fignrw profiled indiontes on unBUPcessfal attempt at ineosure- 

ment, the distance of the star being made greaLcr tbon LhaL of the (oeeuinerl) much more distant DUinparifon stars; 
the errors of observation may have exceeded the amouut of the parallax, or the corapariaou stars been more dUplaced, 
StellAP PafAliAX.—When stating a parolLax it is usual to give Lha basis of mesaaremenb, ao that the ' wd^t,' 
cr degree of rebabUitj, may be estimated^ soina of the many methoda now araiLahle giving batiier results tba^ othera 
Trigoncmetricsl Parallax, the foundAtioa for the others, is that measured by anguliur oiMcrvatiaiis, direct or photo^ 
graphic. When meoKured with Teferencn to aome other stars, assumed to be much more remoto on account of their 
loiutnBfts and small pmpCr metion, the panvlka is colled the Jl^laiivt Parallax, if the average parallax of thatta 
ratercuOB stars can be estimated by samo mannis the relative pimllax id corrected is called the Alatti-ota Parallax. 

AiraattrfcE Magnitude PwalJMceai ara oal'Cuiated fnEJm the absolute magnitudw dedaced from varioua phenomena; 
oomparinon with known bng^nomotrioaj parallaxes Bhqws that nooh method gives results more or leu in fair agrae- 
ment :—Cfjihavi parallax, derived from varineIon-periods, of ‘Cephoid' vatiahles (p 12), in probably very accurate on 
the whole, subject to some uncertainty os to Eero-point.; it ii ii^dolly valuable for oxtremcly remote objects 

SpectRiHcnput ParalloM is found from the inteniity of certain lin>» in serae types of spectra; Spartral parallax, from 
spectral Typo and tiiant or Hwarl claoiificadon (p, 20), whore there is fw marked separation into (Giants and llwar& 
J}ynamia or /ryTroCAnticai parallax Is a prcliabEe pamllai cafcolatcd from the period and angular dimensions of the 
orbit of a binaiy atar, the maos of the system having; to bo guoccedL Ac, however, the average star masi appears to 
be about that of the !!^un (p. M), this unknown factor can bo satimatwJ on that bams with little likelihood pf introducing 
much error, os, fortunately, a vary conaiderabla change in the mass value mokes only a small change in the paraUax, 
InttTttdiardifu parallax, based on a definite relatiQn between the intamitjes of these lines (see pi ^3) and the 
rDtatdooal term of the Oaloxy, "should give more reliable parallaxes and absolute mogultadei than auy other avail* 
able," Cor the distant O and B stars, (^se Fvi. D.A.O.^ Erf, .d, ISS3), 

Faralt-ax^ thoiigh not applicable to saqgle stars, U valuable in stadstitud work for gramps or classes of s ta rs; 
it is based On retatioiishlps of thoir proper motions to tb« velocity of the Sun's own motion in jrpace, and the stars’ 
angular diaLoncs from the 8olar Antapex (see p. 27), It beoouiCB increasingly importmiie os the lapse of time euablss 
proper motinns to be knowm more and more oeourately. 

Sas^tsr Parallax^ olw for gronps of starn only, is deduced from thsir ‘parallactic motions ' (p. 15), valued at SO' 
brum the iiolar Apex (p. 27). Sacitiar EarWicfi of pnjallax results from the radial motion of a star towards or away 
from the Sun, which v^l, sooner er later^ wosibly change its annual parallax. 

Group or parallax is homd on the raosonablc aegamption that in a Calr-sirad group of stars, those of 

the same Hasgpitade ore at the same average dlstanco, the visual rongnitude being thus an index of their diatonoa. tt 
roquires, however, a starting point based on some other parallax, such es Secular parallax. 

jfmrWuminorfiy parallax, found from masa^Luzninosity (p, 20), is perhaps net so roliabla for the houast stKS, 


Astronomic^ tJnlt (A^IT.),—The unit for Solar System measurements, and the boHe-IIne for stellar ps™JJajt, 
i* the Earth's mean distant from the Sun, 92,897,400 miles, or H9,&0>t,200 kilqinetret (last fqur qrfive figunwnot 
significant), the distanco eoroespouding to the meoD equatorial parallax 8“-80. Tbta parallax, adopted in 180S sa the 
interimtionid bask for ephemendes, is expeotad to he near encugb to the true value to raqnire no alteration later.* 
U^is Diitatusi, The angular diameter of a planet ‘at unit distance,’ Used when comparing the diametera qf planeti, 
is that whJoh the planet would have, as seen from the bun's oeutra, if it were plarod at a dktnnce of ] satrononucol unit, 
A milliDn astronomicai anita has been called a Siriomiter, a term first used by Sir W. Herachel in another aeoso—the 
distance (then unknown) of an avsriige first magnitude star, usuming brightness as an index tq the nearest stun. 

* Sw p«iw Kail ^ fer Tsblsv rf ranLltm. 
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Ffll^eO ; Llgtht-yflOTii—iL PitruK bt tlie rli^t ^nn ^ of * Imirickg a piu^lUu oJ V'i a. Li^ht^ymoa^, tbd dlatAiiefi 
that light, tr»T8iiijD.g tailea hut) p^t tieeQiiil, trav-anaa in a year—« caqvoujent pdpukr anit. 

10 pftToeffli (a dtkenparifwtf i« Matrio aaiationl im the clistiiiioe at whioh altutolute ipagtiitutte (Ph 17) ie cMaputedi"* 
m XiLffparwfc la 1000 punada. A tcif rttmate iiebnlpe, it a iniUipP parseiai, or iS| iniUbn lightryeon. 
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Radial Motion.—The Bailial tnotian of a kLu- im itfl apparent motian in the line of iight, alLher tovrarda ui or 
away from ni: it u not the itar'i own real apaoe motina (aee below)^ TAe Radial Vtlaaity i* the radial motion 
expreeaed in tnilei or kiloinetma par iecond, which ii found by Lha tpeatroKope to within ^ mile per Moond tinder 
favourable oireunietatieea : + ia eied to [ndicate receuion from ni, and - to indieate approach to uo. 

Propel* Motion, or JVhlion, ia a itar'a apparent angnlar motion (if any) on the atar aphern at right 

angles to the line af alght„ eiproaoed In B^oonda of Ptrd per year or per centary; it is found by comparing the atari* 
piuBatit poAttlon with that which it ocmipied at the time of the earlieet reliable obaervatioD—preoeMtoa, ntitation„ 
parallax, and aberration, being allowed for. A* thia angttJar motion la oantinuotifl, thongh Id general viriy mmute^ it 
has to be taken into account when preparing a star catalogue for a giren epoch {see not* p. vi os to + and — )l 
T he following are aome of the greabeNb proper motiana known: a long list u given AiCreph}^. iTaurnof, voL 41^ 1B14. 
ITrn Majlor. OrMEdlriJ^e (cniig. Fropor mUitiDii aonnaUj ... ... ... ... 

pEotor, C,Z. h. £43 (roiLg D'h „ ,,, S'*, „ ... ... .., 

O^^hinohna. Muxitab ] D,Q40 (Bamard'l atar, mag. 9'4) 10^* found TBlIl, tha graateitt ySt diHovHnd 

The ehterrad proper motion is not a star'a n?a! tan^ntial motion in Epaer, lint an 'apparent' moticn, being alFected 
by the Sun^e own motion through spuco towarda the Bolar Apex (page 27), Sonia aiate have pnantioally no proper 
morion—a roault due in gimorol to their very gnsat distance. The TMi{imiiaI Fefocity la the Tangential motiini kx- 
proa&ed in kilometres or miJes per aeeoud: the abor'a distance must be knmnL, 

y ne^r Motion ..—a atar’i linear motioD is the rosoEtatLtof (a) the radial motion, and the proper motion, ex- 
presBsd in finW, not angular, meuanra, and rognim n tnow|edg« of the paroliox. The finrnr wfocity ia tlio Hnear 
motion expressed in kilometrea or mllea per second ; to obtain that with reference to the biun, at right anglns to the 
line of sights divide the annual proper mution by the fmmNax, and multiply by 4‘74 for fcilometrpBS, OT 2'05 for laLloi, 
Space ori Feeuliar Motion.“A Stnr'a apaos or peculioj^ moriun (also known os Ahaolufae, or Ltual motion), with 
r^ferouoo to the snmutmling tteliar aviiteni, I* the rEBultont of it* Radial motion^ and its motion at right angka to 
the line of sight, oorreeted fot the ^lar dy»tem‘t modoo (p. 27); the cormnpandixig vnlocii,y is its 

Tha E-t<T7>K if the spaca-motiona of the itoiw were at ranilt.itn, there ihould be u many stans with rocosaionoi 
(4-) valoaitiea, sw there are with approoeliing ) velorltifia Statistioo, howavpr, ahotr a surplus of recrBsionnl (+) 
velocities ; this excess over the - velocities is the K-icriiL Improved data Imve peduii!x:d the original anionnt. 

CrOBS Motion. —THeb torm denoios a stnriB angular motion at right angles to the grwt rircls joining the sins- 
with the Solar Apex or Antapox; the tfrosr rsfoikl^ ia the Cros morion expressed in mil«n or kilometres per teooiid. 

Pari&il&Ctlc Motion, nlao known a* 'Secular paFallnx," fa the appanmt displacemHit cf a star caujed by the Sun's 
motion^—which dLaplocemeut is known wiLh ever-incroBalng nucurany os th* years go on. Tbo average distonua uf any 
class of stars: oan be foeud from thuir Pomllimtia motioni, but the method is not appliuabJe to individual atars. 

StAF Drift: Star Streamings,—SornerimAu the mem hem of farge group* of stan are found t* have proper 
motions aiinilar to direction and amount; Proctur called this Driji. 'Drift* may also denote the motjcin of a 
group of stars rolativalj to the Sun, Star h Star Drift on a large Hcalo. In 1904» Kaptoyn found that the 

stars, iit gntioiul, are moving in two faronrorj dtroctions, which, when corroctod for the Sun’a moticn, arc diJim-etHcally 
opposite on the tbar sphere, and both exactly in the plane of the Milky Way, 60% of the star* belong to Rtrunm I, 
and ars moving towards R-A,, 6 hm, 20 min., Deo, 13' N.; the other 40% — Stroam II, which kas about half the vnloe- 
Ity dt the first — move towards R.A., 18 hre., Dec, If S. ThoM points am known m the Fsrrieji o/Star Siraojning^ 
The centre of mass (or rather, of mean position) of the starv in a streaming atar group in oollod the Cisntraidy 

A third Btroam, known u 'Btrnan) O.' practically stationary, oonsUti of the majority of the R-Type stars, whidi 
saom to belong to the ' Local Cluster* (p. 11). 

Gould's Belt of Bright Stars, the aearur or hrightar aenra of the fx^cal Cluster (whiuh inclodeB the Son), ii a 
greaUoirde belt of bright star* which i* inclined tome 20' to the Qalactiu Flauo^ its equator ia (roughly) a lino drawn 
from y Casaiapei* Ijotwcftn i and ^ Orionia, i5 YoJunimnad c Cariuni, n and S Oentouri, a and s Rcorpii, back to the 
aiari, poAsiug anmo H. at a Ophiuchl and Fsyo, and close to c CyguJ, 


Ttis- dis(tan» of tbkj nmrl j. 
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Star HagfnttHd® 3 ,““Tlit bri^htnt itari MiK ittid to be lut megnritnde ; thoao twi bright, Sud iiuiguj.tTide j tiiMS 
atill 1943 bright^ 3rti mignitude, aiid i* flo- EUflh. TOagnitmie ii 3'blS (nbotit tiiDH »* bright u the one below iti 
A a^iidard lit m&gaitude star Alfbtba-ran, AltAir} being 100 timu m bright aa a atauderd Sth magnitmiB sIat, 
which ii Almut .the fain teat ^luetd ' visible to tK$ niJet^d aye. As, howeTcf^ ae^feral let magnitade imra am 

laueh brighter tbAD the range of magniitudea iUbo runs in the other direction, a itar ef nuignitade '0^ being 

About 2^ timea aj bright aa dud d{ magnitude 1, wd aAL&r of Du^nitude inmi4« i, nbout^l timed brighter than one of 
tuagnituda 0, and ao on. After magnctude f, the magnitadfw nrn om ’^bb, iith, idio., for tb« teleaeopic Btarm, the ll th 
magiutdiite being aboat the fatqtwt iriaible in a tbree-inch telflacopa, and the lBtb+ in the moat powerful taleacopei yet 
eonatmciiedj aiara several magnitude* fainter are obtained by pbeiiDgr*pby, (See TabJe of relative brightneea, p. 

tuterroediate nvagnitudoe areiienoted in tentka or CTen hundredths, thua magnitude SflOii aUgbtly brighter iban 
Jl-OI, but leaa bright than 2‘S&, the utagnituds iucreaeing ae the brighlneH decreaeea. On the wtitiuji aide of 0^0, how- 
ctbt, tMa u revelled,, the magnitude figum ibcrDAring with the brightiUeaK. Thna magnitude — O'l ia brighter than 
O'Oj - I 0 is brighter than - O S; and - 1 S ia brighter than - I S, and h on. Where there it no eign, magrdtudei are 
atwayi undentood to be +, but + ia tuiialLy givun. in the oasd of *abai 5 iltite magnitudes’ (see p, 17^. In the general 
sonts, ‘ let mag,’ muallj means all itan brighter than mag. ] ’Bj * 2nd mag.’ thaw between 1 '5 aod 2'&. The magnitudiia 
in miidem GAtaioguea am a/wosi* eoicafaJed/or JW lettifA: at lower altimdea atiucepheTiD aliaorption diminiibee the 
brightntHS, ami hw to be allowed for when comparing etare at different altitudes i see Tabla, pA»e 

KmaQrt^al Ratios of Bftffnltiido.—On the 2-^12 tim« baaia of reckoning sacb magnitude, every diBbrenea 
of 9 magnitudea meauaa multiplidabion or division by 100 of the Atarting magnitude, thni Itt magnitude k tOO times 
brighter than the Otb j 10,000 tiroes brighter than the llth, and a mUlion tiroca brighter than the l$th, while mag¬ 
nitude 0 0 ii 100 times brighter than magnitude 0. Thk "stellar magflitade^'^ method of comparison ia now used for 
othftr eomparisuns than ita original one of Tisual brigbtn«H--aa fur iiellar heat-radiation, and even for temperatnnw. 

If the stars were uniformly loattered throngh ipaon, there would be 3 9fl times as many stars of a given magnitude 
as in the one just aboim it; departum froic tbk number (called the sfar nUio) indioatei crowding, or, thinning out 
Tbs 1 fill new tha atandsnl, was ktroduced by PcgBcn iu l&W, B ill being the Utb root uf lOD^ up tbs logmriilim 0*4, 
Bea^ P.£?.Ct lOm, employa an older sy«item with a light-rmtEo i’Sftl (log.—0361, spproiiimstely that of Argslarudoi^s 
£r«fswwWria Aowf, 1S43. Bues and Pogaou mafnitudes aro the wune aleiat mag. I■'fl ; below* 3'8 Boaa is fsintor, mag. 6'0 Pc^n 
buiug about S i Boea. AboTC* mag, 3 8^ Boas Lb brighiar, Vf^a boing (HI, Sirin* - na, Ekwe ; agaimt IJ'l * and - I tS Pegisin. 
International Ma^ltudo Scale*—Though baaed on the eame light-ratio, the magnitudes found at Harvard, 
Mount Wilsou, Poledam, itCr, abow small syUematie disciftpancies, dn* to fJia inatniments, atmosphere. &xs. Thus for 
aoonpate oompariMHJ^ each uinst be * reduced ' bo the Kiale with which it is to be compared, by means of Tables prepared 
by laborious anaiyBis <*» Harvard Annals, Vol U, and Astrophysical Journal, Vol. 61). The Harvard {pbotometrio), 
and Mb, Wilson (phatoviiual I Seals* arn most gunsrally used, and the former was adopted (1922) as the basis of /nwr- 
rtnCicnai a photographic Bcalu Taking the stars of Type AO between mags, B-fi and 6-IS, in the Karvard 

y^orih Palar 5flyi«fKw{a]lstcf camfuUy-meaaured atari near the N, Pole arranged in order of photographic magnitude), 
the moan International magnitade of thcM stars ia defined as being the «uue as the mean niagmiudc of these etars 
OD thn Harvard visual (photometricj stale—which, for Typ* AO, ti identiced with ihe Hjirvard phoingraphio analo. 

Tlaiial or Appurent IfagTiItndfl is the brightness m directly eatimaied by the eye; when tbs brightncii is 
mflasoppd iuitruTnentally by the photometer, it U called the fh^to-nufiric Eeargnitude. 

PbolOVLSUal Ma^nitudos obtained photographioally, using a colonr screen and ibochrmnatic plate* adjusted 
approximately to the lighc-ionsitivenesi ol ths Dye ; they tend to bo rather brighter Lban the visual or photometric 
magnitudes, sjid are beeoming of great importance as they give more unifonn reiulEs. They minimise both the 
iostrunienTal and the brightneu - colour equation' difficulties {see p. iTj^i and the photngmpbiu plate and ooloor 
screen used Bcom to make no groat difference in the result*. (Hed and pliotCMstuctric mngnitudMS. sec p IJ j. 

PhtltOfifl*aphie Magmitudes those obtained by measuring the dinmetert of the Images on a stellar pboto- 
graph. For one half of the star* the recnlte are aeeorriant with tbo viscal magnitudfis, hut in lU* oilier half, owiug to 
the bluer start being lunm actinic, and the redder itam lees acctnie, the blue stars photograph brighter than they are 
viiuallyi snd the red atsjs fainter, by an amount deponding on the spoctmf Type of the star (p, IS), 

Colour Index {coninveted, c/1) is the difforenre, in itBllar magoitudes, between the photographic magnitude 
and the photouietrifl (or photavisual) ano, the phoiovisuat iodwt ttnding to be the greaUir; on tiie Harvard colour 
index aeato. Type AO bos c/i O OO, its visual an l photographic magniiudos being the same. Colour indices greater than 
3 0 are probabSy vary rare; fi Cepboi, Type Ha, has the very great eoloor iiidra + b'B. Colour Indew Table on p. via 
PhotograpMc Magnitndta utinc* tks cd-phototnDtrie magnituda Pbotometric Magnitude pUis the c/i-pbitograpbac tn*f. 
Colour Indc* - phnmgrepbic mofr [11'bua , Orioiiia, Type BU, viaual umg. 1 7l». pJi- -0-31 -photographic mag, 1‘44 
wnai the phntiHDatric tnsj;, I „ MO, ^ 0B8 ^ ^ I'W, 

Tbs - indioatee tbit * Oricnia k brigbtftff the + that is faintn-^ than AO—pbntogrmpbioillf, 

in Hunpcitns trftb tnatnitiiiia 'slwr*' tmaios brEflatsr than i ‘b*law,' fainfw ibait. 
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Abjolutfi SfaL^nitudflk—Viiu^l magnitndo U ncf oiiburidiii af tntiiniic w miinj diitut liirt ippe&r 

fitT brightc-F tbifta lotuo tepy itarfl. Abjujlute iD»gnitij;d& tli« m Jiiikr would hmiffl U the stora were «t 

Uw nmo dt«tAnD9 from a» ^ U ia found by aiLeulfttmg what Lbo obvervAd viaiwl raagnitud* of eJiah bUf woi^ld t» if 
wAFfl pUo«d itt ft diiunw of \0 pariMs—tbftt oqaivftleDt i* ft pandlftf of 0"1, or about 33 UghOyofttM—which of otmna 
re^airei a knowledge of thoaeftr'a d^stacflo. OoiivoFaelj, if tha ftbioluto magnjitude oui bo fou^ni b? aowo ottior roeftnaj 
the BLarft diitfttico oau bo oftlculfttod. Ab^lato (Bigoitodo It tboroforo of groat importaaco in itollftf rwAATEh, &b it 
onfthJoa JuiiiiQotitioa to be campu-od, and gl FOi maoj gomoHantblfi paralUxoi, In ftLaolulB xnagnitudA, ua in Tiiud, th* 
^grofttor' (aumerioftUj) tha ma^^nibodfl tho lesa lutniooua is tbs ttiu-, if +; tfaa moro lumiaoua, if - , Tb* ItUagrated 
ftbaoluto or riiuftt tnagfuitude, of ft neljulii or atar alutter, la tliftt of tbs total light focoired from ilia objact. 

Tha ^Ltn I abiijlutD vuual uiaguitode it +4“$, raogbly tS'D, A l-parsoo Ktandard diataooK waa in um tail the iotar- 
aa-tioiod aduptloo of tho lO-fmr»eq lUndard {\922 ); it had tho advantage of hating the Sun^i abaotutg magriitoda 0 0. 

Th* ftbaolute uwtguitude* of Gifttil atari vary only Ona or two toagriitudea (from ahoqt +1 ^3 to - t^O) in their pro- 
gre^on from lyiMH M to R Thosa of the Dwarfi futJ ofT a magniLode or two u each ftuociaiiTa Type below ii reached, 
nntil ftbout +15|, in a nd atar perlwpfl rtaaring extinction, and in f'rocyonB, ulrncwt the Uiateal 

ftbsoluta tnn^nitu JuB known, ftiad on tlio other band, ittain about - 6-0; Sojsemovie in Spiralx, - IS. 

The moBi lumiDona atac kogwn m 8 DwudOB, a variable fttar In tlie larger Magellftiiic Cloud, Bqipa U maguitudai, 
OF 300,OOChhfKJ,000 iimefl brigbteF than the Sun; photogr, aU. mag, at brightest, - # 0. The leaet luiuinoue » Weil 
359, ft na^bj il*r of mag, 13 5 viaaab 16 5 absolute j iti lommoiity ii only l/flO.OOOth that of the auii, 

0 qqd Ahaolute Magrutdijei^—Aba. ilJig.=:Ti*ual mitg.+8i, pluaStfmeaihelo^ftritlimaf the parall^ Jf—iogr. 
Red Magnitude and Ck>loar Index (UmwanJ photored, if.d,, ?oi 89, p, sa j effocEive waTfr-length X6300).— 
a tiiii ayalem^ttie edbctiTB wave-length of which w halfway between the □ and B lines^ and abont the wave-lubgih 
at the average intensity of the vuiiilt lolar epedtttitn'-red colour indexu abont 30jS greater than o/i (IntemaL 

photograph ]0 [7] rnmui pbotovisual [lOp,] Wua-nti and e/i “ / - ntj^r and 

Pboto-^lectrfo Ma^nltUd'SS are raviMiured by a photcKtlectrie otil (diSferunt from the tharmciMcoupk ased in 
the bqlomeber); U gives gitmt aocanwiy tor diderenoea between *ta« of the same spectral type. There is no photcu 
electric maguLitude acale, as e«|la vary in ftensitivity to different ooloure: (the bolometer Integratea all the radiation). 

RadJotnatrlc or Bolomatria Kag'nitads gi^ the totid radiation emitted by a star—the Hght, beat, oacuiifi 
rays, ata.^nBing a tkermo-ouuple or bolometer^ inalmad of the eye. The variable start Jfira and g Qygai, at maximum, 
Wmit nearly twice at much radiation as at nunimam.^ but their ligfat inereaaes some 1000^2000 times, 

/fndiomdfric fi axpreased on the amme eytlojn as visual magnitude, and the difference batween the 

mdiometrio and rjiu^ magnitude ia called the Eai /ndcr (oorreaponding to the photogzmphid Colour Index), tho two 
being auumad to coincide for Type AO. (See Mt, Wilson Annuel Report, I93&). 

HoiiHAitric Aiaffmtwie, on the otli*p hand^ agrees with visual magnitude for that Typo o# star whose fudiation 
has maximum Inoiincus ethoienoy, so that visual tnitins bolomctric magnitude is always positive ( + ), oc tei!i>, Th# 
Type for which the viiual and Imlometnc magaitoUe agree is vftiy nearly that of tlie Suq (Type GO)^ The Stin'B 
aWlute magnitude ii about 4-6 visuah 4 6 bcbmetricj radiomotrici, 4 9* (See Jf.*?,, voL 77, pp, 29 aud fi&t). 

Combined Ut the resultant magnitude of two or mom ftbam, so cloEa together as to appear to the 

eye (or be ireatad) osaiingl# etar. It is the magnitude comspotidlng to the autn of each •tar'i individual brightnaea^ 
referred to that of mag, O'OO taken as 1, and ia found as followa (adding th# two magnlLudes would give a fainter on®), 
A leor'i maiinituii# multipMed by -0^4 giTM th# Icgarithld of ita brigbtneu mlative to mag, (M)0, 

The logoriiJim cf iL stu'ft hrightu#M r^tivo to mag. 0-0* wbon divided hj -0-4 givea th# ms^ittuJa 
Colour HTag'nliudo i* the magnitude of a star measured for each of the wavo-ttsogtht (referred to BO a« 
standard^, and reduoad to ibondard AO by theomtlcnl black body radilntJou (sRe /A^.848), 

Opposition. Mag'nltado b the magDitud# of a iuparior planet winin in oppoaltion fp, 6); the planet is tk#iii 
nearast tb# Earth and brightiiASt, and ({n theory) is only then aeen with its disc fully UluminftW, Ordinarily the tenn 
denotes the cpposltiou brightness at msandistantn, at a planet's distance and bright nan vary at diffamnt oppositicuiB. 
The following Table gives the ftpproiimate rauge of plnoictary variation in magnitudo (see also diagram page 41). 

tlw)>4 HikX iiuf. Hou .FisKa, mu. W«|. lUv. M-M unw. Mltk PLhiI Um^. J[wa vpiNm Ham, 

Mftra -a s -l'S6 —11 ft Saturn -(>'4 +^’89 09 n Nuptmie 7'6S 7-64 T^ttt 

Jupiter —a'6 -as® -i'l II Umaui SflS 6 74 [] Pluto ISS U ]49 

Limiting' ])l[a.g^tad&.—The ifasnUufit of a star c&iaJeguii—th# Index of its oompletEnriia, as 

omissiona bcoomn Inevitable at a oertoiti stage—is that magnitude On the brighter side of which atari omifCaff from 
the oataloguo about cijual in number the aUiw on tbs fainter side in the Esatolcgu#; 

Colour E'^UaCion;:: Mfi^gultudS Ei^untloii-—Th# ffrit is a small aurtoiTtian on tb# roagnitud«i In differeni 
catalogues to elimmate (a) the colour-selectivity of the instruments, atmoaphem, 4®.* nf tliB qlMnrvatories FBepcmtihle 
for thoHJ, which affects tb# ruiultit capeaially in photographs; (4) the uacertain hrigbtnfiwiHxitDiir error, due to the eye, 
known as the ^*arkinjt (p, 42). Th# JHoffnitvde Hiptatim is a similar imoll EOrrEqtifin, to remedy the ftircr caused 
by trauftiia of faint stars being ordinarily rogistorefd later than thoiie of brigbl, auum In th# Bome position. 

£ * ApproSlmalM'lj' tbatr ol I'oilvr ir^ 0"'1CiI, 



la CLASSIFICATIO^^ BT 8PEGTSLA. 

Lwmln^ati^ : Surface Bfl^htneas,—The lomiuOfiitjr * itar diffiert ttom iU m^gnitHdii in being tiift 
unoanl of iigkt emittod bj tbe *\»r, inatnid nf Lbe AppKrent Amount, jud^ hf its brightmiiia to tbt ajw. tt dopen^ 
on the itar'i diAiuater and tenkporabon. bfting the itn^i area (aatuml, not angular) muitiplied by th* AEnonnt of light 
il emita per aqaara ooctiiuatre, or otbep unit—fiu, by ita Surja6s BrightntU. San'a aarfuofl brigbtnes* ii ta on m 
mag.O, and a itar'i relntiTo Barfneo brjgktneM, -i- or ii aaprowed in magnitudM (Table, p.viii).^^i 7 inboUBed by /* 
The Inminoeity rslabiToly to otber utara ii giroii by the abeolute maguitudeH or brightneua at 10 |i*r»MS diitono*- 

The bighor the tompErmbtt™, the groater the imrfai:o brilliwioy s tbmi iUr* of tho unte abmlute magnitode i^y 
dlflbr grwtiy in «« ami ■orfaM brightuBW, for a low-tomporainte <Giant' (pJO) taast haTO a larger dwnflloT than 
a bighrtonipemturfl to b« of th# ume abaolal* magDit4d4b From tbu relationibip tba diametor uf fitan oan 

b» oaloalatod, indepandeatlj of their diaUuoftf trom the Tiiual magnitadoi, the aurfaco bnghtneaa being obtained from 
the Typa, The diametarf that had bean predintod on thii b«aia were found to agree dcjwly with the obiervod Talma. 


S^ Cl&59lflUtion hy tSielr spectra.—SeoaM in 18fl3-«7 found that when the tight emitted by different itart 
wae analyud by the ■peebroaoope, their ipecua fell into four iroll iimfked group which graded into one another. In 
1874, Vogel modified Beoehi'i aehem# by adding two nbordinato olaaaet to Olaaa I ; another (WoU-Bayet eton), to 
CliiM 11 i and inoludlng hii third and fourth typee h aub-diyiiioae of the aam* order. fJeechi'a Type* are now little 
tieed, except hiitorioally, but f&r rery uncertain caaea tbo t. A.U. dnflnee them aa followa (05 waa formefrly Oe). 

Ttm 1. 04-Fa, ppadciniiuuil hydro^ linsa I Tm TIL M, titanium mode banda | Tra V. 0«-Od, blight Wolf-Rayet 
ILFa-O, promiMot metallic linoa I „ IV. N and B, sarbnn handa I Imoa 

About IS^KI, Piokering introduned the ^Harrard' cifiaaification, now u nivertilly adoptcid, le ttering Saenhi a original 
groupB, with otbeiw, m in th& tablo oppc.«ita, the viifioui aantiona being fpoken of m Typo 0, Typo B, Ao. Gradationa 
or intormediatea are inclioatod by oombinabioui of the letters with figurm denoting tenth prta. Thua (a con- 
vealeut abridgment for B3A) denotee n ■piwi-min nearly like that of OIam R, but wtlmatod to be two-toniha of the 
way from B to the following CIiuh A: and 05 ( -OSB) raeani fiTO'teDthi of the way from 05 to the next CIm, whiob 
iH B, ae Type* W, O, are Amt m aeqntncn—the origiml order waa A, B, 0, ifca., but from Inter informati™ it wn* 
nlto^ and iomo unneesmBBiary letter- dropped. Secdhi'i clasKe weie baaed on Finjal, the Harvard on photngrujibk, 
.centra, but Oil the whole they are fairly aocordtmt. Type R ww added ] 9(}fi; S, im, W, l&SB (Lrero^nd^). 

BO ia the higheat of Claw B (the +0' ia a atarting oyphor, not a letter), mid the iioquence la 08, 09, BO, III, 

BS, . . . B9, AO, Al, AS, itc,,- tht aoale ia tbun a doacondlng one, SotMiiTiiioiiB a, b, *i Ac., are need wtwre there 

ia unoertainty aj to tlw detailt, but numbeni are anbatltutod when the noeeaaary infonnation it obtained : " eb»nd ■ n ’ 
elan, bowBTor, are not auhdiruiioni, but itam haTing k' or 'a' phai*Mfiertatl» (p. IS), Yariahle aM now olaawd 
at masimu m {192 3). For the aul>diTiMioaa inetudnd in a ■ Type wh en u «d i n the aTemge aciwe, or m atetiatnAi work, 
tee aeitpage. For detoila of Typo* O to N, wo H A., VoL 29; B.C. and iJropw Caud^sw. 1934(ir.A., Toli..90-9&). 

Fatly and lai«Typ 4 i^n denote Typoa B-A, and E-M, mtpootlTely, aomewhat inoonTenictit aurriTala, m eerteut 
rwpwta of Vogel'a awramption that Type 1 atar® wore the yOungeat, and Typea m a^ IV the oldnit, before the 
Qiant and di™oni (p SO) were known. For the iameniiaan, the d/ot™ k the doirnward prugroaeion 

of inereaaiDg nidnew, O, B. A, F, O, K, M-Typ» E, N, branching off at Oj and S, perhaps, at ^5 or MO. Type W 
may be th« last atoge of another leq nonce from Now through planetery nebula W join Type O at the other and, 

Russell DingrfunThi* ahowa wry efftotiTely the Qlant and Dwarf mlatiorniap and th* Main aaqueuoe, the stara b«di^ 
plntted aewfding to Type (lampBratuiw), and abedute magoitude (lurotnoeity). By addini curToe repmaenteig 
the Diagram ha. been axtoudod to eihibit the nasjsi-liiiiai'Pioaity relatiouthlp aa walL 

StAP CclOlMS._Colour is an itidei to physical oondibion and temperature (p. SJ). A liat of the mean oolour 

of each Type, and aubMliviaioo, ia giTen in Monthly Notices Royal Antron. Society, VuL 04, p,33. Oa to Oo aro giTcn 
as grwnjab yellow ; B3, BS, white; AQ, pore yellow; A5, yellow ; K2* orange yellow; MO, orange; B., orange red; 

deep orange red: intermediate typos merge into the nimt colour. Colour also affects twinkliog, a« explained on 
page 38 The componniita of many double tters exhibit; tbo curious phonoinctifiii—sometimea merely opde.]—of 
being coTOplementery in eolonr—orange and blue, urorinuon and greeii, «fce; for eiamplea, sea Notra Star Charte 


Ralattve Hnmbers of different Types (ShapWKOf the S2fr.«ia stara. te aWtl mag lo, m the Draper CatelofTm, mily 
Kmie SODO wfl of other tjT» than K A, F, Q, K, M. N wly <^.000 am brighter tlwvn abeut mag. ^ : S0.M0 am «Mnti*lly Identioal 
with the Bun im4 Bi per amt a™ probaHr within 3000 light-yun of ou A Juad K ue mtwt cummea in the Milky Way. 
ttos 0 b a f q k m n k a 

■ fBB-ABJ (ASM} (m^ (i/Sm ... 

No or&ur* -. .« 3,507 ^^-559 W.ISO 40,569 73,208 ia,»64 

; U> May. df ... ID9 10 4 9» 301 8T ^ 

^ ^ sl £8 7 Il'O lff7 M’4 7-fl 





ASTBOmmUjil TERMS. IT 

AbsoHutd —^YiadaI maipiitudq U critoridu df iatriniifl lununosEtj, u munj di'itajit itin Hppeu’ 

W brijlitor ibim toEue ntar ■Lu'i. Abwluti* migniLudfl it thfl briglitU'oti« would hiva ii >1] the stATO were lal 
th* uiaie from u i tb it found bj wlculutLnjf what tJis Dbaarrtd viattal njagniiade of eoeh tUi- woold b« if Mflb 

wtre pkoBcl At A diiiAuo* of 10 p*r»Mi—thmt Talent u> a pimllai of 0 -I, or about 33 lighb-yMn—wttich of eouna 

twqdre* a knowlodf e of tbe itar't dtaunua. CSoovarioi^, if the abfotuts magnitude cao be found hv tome other muna^ 
tlitt itari diatAFioe otui be oAltulatod, Absolute magitltade it tlientFare of gre&t LmpurtBnoe in tteUair rflaearcbi ai it 
eubiet iLuninaaiitioi to bo ooiuparad, and givoi caaeiy anmoMomblfl paraihuna, In abtolule magnitude, na in TitujU, tha 
*^miaber' (nutaurioaUr) the ma^nitiida tho Eau luminmui U thn atar, if +j th* mare luminoua, if - . Th* Intt^tAltd 
Ahiolutrftor rUual tuagBituda, of* nehula oritaraiutter, ii chacot th*total light recolrcd froin iheobject. 

The 3un^i abaolute vinu al majjnitnde i* + 4’», roughly + & 0. A l-par*so atondard dUtmiae wa* in u« till the inter 
national adoption of the I b^pamod atandard (1322); it had the adraitugoof having th* Sna'i abenlute magnitude Q O. 

Th* abeolut* mngnitudM of Giant ttan vai^ only Oii* ortwomagnitudEa (from about +1'0 to - I'i)) in their pr*- 
gTVHioa from Tjp«i M tu B. Thow of thd bwarfi faU ofTa magnitude or two a» each euocetiaive Tjpa below ia reached, 
iiotJJ about +15J, In /'rattwa f7#iitauti a red itar perhapj nearing extinction, and in JVpcyvn j, aimoit the fauntait 
abaotut* tnaguitudea known, and CatwpuM, on the other hand, attain about - 6B j 9tip4?roovw in Spirai*, - 

The lUMt luioiDOnP Ptar kadwn la S Poradiia, a variable atar in the larger Magellanic Cloud, aome H magnittidei, 
or 300,000-500,000 timisg brighter than the Son s photogr. aba inog. at brightiset, ^ 8 5, Thu least luminous is Woii 
SCO, a near-by star of nmg. 13'S vionab Ifl'b ahsolater its Jnminarily ts only l/hOgOOQth that of the Sim, 

to j Aba&iuto Mapaitnde:—Aba Mag.—rumaJ mag. + 5, plui &timuth*logarithm.of^ptuallax. dfwiH+4-fhluga^. 

Red Magnitud# and Coioilr tndleiK (Harvard phot^ned,. i7.d., vol. 89, p. 53; eBisotivo waTe-length XSSOQ).^ — 
B t in ijAtem.—the eSeebivn wave-length of which ii halfway between the 0 and Xi lines, and abont the wave-length 
at t * avetage inteiiftity of the soIat epeatrum—red oolonr index. Is about 30% greater than ytUow o^i (Intemat. 

photographic [fj MinTH photovhmal [m^] mag.and peffoMwad c/l - / - pi^ and ea^ ~ 

Fholo-electli^j NagnJladles are Uiesaured hj a photo-electrie enU (diSereiiit fmm ih* thermo-eunple nsod ha 
the holdimetar); it givus great aoqurooy for diiferencB* l^tween ataia of the same Bpeetral typa Thera is no photiK 
elefrtric magnitude scale, as cfllls vary in tensitivity to diSbrent ooloun: {the bolometer integrate# all the radiotioii). 

Kadtoinhtrlo or BolometJ'lC Mag^nltude gim the taiai radiation emitted by a star^the light, b*at, tetanic 
Fays, eto.-^usLug m thermo-couple or hotooieiar, instead of the ej*. Th* variabie stars Jfirct and x Cygni^ at maximum, 
■mit nearly twice oa maoh radiation as at minimum, but their light increases some ]0<K1-200Q times, 

Eadiom^tri£ Magmiuiii is expraseed On the same syiteiu ea vrsiial magnitude, and the diSerence between the 
nadiomeLrtc aud viiuai inagnitade is eaUed the lisaU /fuisai (oomsponding to tb* pbotograpbio Colour liidbx)i, the tw* 
being assumed to comcide for Type AO, {Sb* Mh WiiMn Annual Report, 193J5). 

Eotametric Magrtkitude^ on the other hand, agroES with visual magnitode for that Type *1 star whcee radiation 
has maxlmuiD ImuinouJ effioiancy, so that rijiuot rniintM bolometri* magnitud* is always positive or aero, The 
Type for which the vkual and bolometrie mAgnitude agree is very oearlj that of tlie Sun (Type GO). The Sun'* 
absolute magnitude is about 4’6 visual, 4 fi boLometrio; rotJiometric, 4 O. (So* vol 77, pp. 39 and 804), 

Coiilblllfltt fSAgpflltUd-B ia the reaultant magniLude of two or more stars, e* clou togothor as to appear to the 
ey* (or be traated) os a single star, It i* tli* magnitude eorrwponding to tb* sum of each starts individual brightnesa, 
referred to that of mag. O'OO taken a* t, and i* found a* fultuwe {adding the two maguitudei would give a ^nter ouc), 

A ataj'a mogitireile multiptisd by -04 glv« ths logarithm of iia brlghUwM rekti™ to mag, (KM). 

The logarithm of n atar^a brightness relabvB to mug. 0 00 wheu divided by ^0'4 grrea th* miignitudo. 

Colailr Ma^g^tudO is the tnagniinde nf a stor measured for (^ach of th* wave-Jengthi (referred to BO ag 
standard), and reduced to standard AO by thooreticoJ block body radiation (see if.5.848). 

OpposltLoD MltgroltUdO is the tnagnitade of a superior planet when in opposition {p, 5)^ the planet b then 
aaarest the Earth ajid brightest, and (In thaory) is only then seen with its disc fully illuniuimt^ Ordinarily the Eertu 
denote* the opposition brightness at JOiow distance, as a planet^s distance and brightness vary at dilTeraut. oppositiona 
The following Tahl* gives the approximato range of planccfirv variation in magnitude (see also diagram page il)* 

rLiHL KM4.iMT«a. 1U..D1.S. VUmm Mm.. MJfl- FJeIjH Mbh Heesm^ Min. 

Mam -S15 -I'BA ^Vl [1 Satum -04 -0^1S»+(l-» ft's jt Keptun* T’SS 7'66 7''ti4 

Jupiter -2-5 l |j tfranua 4’66 &74 9m 0 Pluto 1S8 14 19:1 

Limiting' Iffagnltucf^-—'Tho LimUin^ nf • star eataingu*—the Index of its oompletciiRss, ** 

wroiiuiioni boooin* inevitable at a certain stage—b tljat magnltud* on the brighter side of whidi stars lilted fmm 
tlm catalogue about eqjual in unniber tb* stars on ih* fainter aide indmUii in th* catol^g^A 

Colour BguaUon ; Ma^ltudo EQuatloiL —T]-i,e u a small oorredtlon eu the magnitudes in di^erant 
catalnguus to elituiaate (*1 th* eolour-ifilcotivUy of the instrumen ts, atmospher*, &6., of tb* obsnrvji.torios fespcmBlble 
for them, which assets the resulbo, ospeoLslljin photographs; (5) the uacortom brigliEness-cdlour ormr, due to th*eye^ 
known as the^jfeef (p.4‘J). The Moffnititde is a similar small oorreetioai, to ram*dy the ermreaused 

by transits of faint stara being ordinarily registered Uter than thcrte of bright atari in the same position. 

E * AppcaxIamlEly thst^iE /WHS 



aLASSIFICATIO^V BT SFECTJLL 


IB 

Lutnlnoalty: Surf&ea BHg^htiieia.“The luminosity of » ntm^ tfooi Ha magnitude Itt baine tte Aslasl 
■moojiti of Light emitted bj tbu star, insteiid of the Apparent amoiijit, judged by ita bH.ghtii«ra to the *y«. It dflpDiidi 
DU the stsr'i diAmeter and temperatore, being tbs star'i area (ontun}, not angular) multiplied bj tlio amount of light 
It emita per s^juarn onntifaetre, or other unit—i,#,, by its Sm^oo* Br^htnmtM. ‘The Sua"! aurfooe bngbtaeiM. li taken ai 
n»g.O, and a itayi relatirs iurfitoe brightness, + or ii napruiisad in niAgnitndea (Table, p-riLi)—^ymboLised by 
The inmincMitj relatairelj to other ftara la giTon by the iibaoliLte lungnilade, of brigbLneaS at 10 paneoB diitanea. 

The higher the tempuratom, tb» gmator the ■urfaen brillimuy ji thui tUri of the sama absolute magnitude may 
difEer grsatly in du and suffiaea brigbtuesii, for a low-Umperature * Qiant' (p. £0) mnet have a larger diameter than 
a high-temperature B-itarp to be of the same ahioltt ba magaitude. Prom thie roJationahip the diameiter of etari aan 
be ualeulated, indepeadentlj of their diitanoe, from the TisaaL magnitudBi, liio anrfjuie hrigbtnesi being obtained from 
the Type. The dlweten that bad baen prediotad on thin baeie ven lounid EiO agree eioaely with the obiemd mEuea. 


Star-ala€.BlfloatjQIl by th clF spectra,—Seeeki in 186^07 found that wbiSn the light emitted by diflbrent itan 
was anatyied by the apeetroecopa, their ipentni fell into fcur WBll-marked groups whidh graded Into one anotilier. In 
1374, Vogai modiAed Soetchfa scheme by adding two subordinate elassee to Class t ; another {Woif-Rajet itara)t to 
Clasa II; and inelndinf his tbifd and fourth types aa sub-diviiioDJ of the oame order, i^^chi'a Types are now little 
used, except Mstorioally, but for very URcertain oases tiw LA.U. define* them as fotlnwi (05 wm formerly 0«)i — 
Tfpx L 05-FS, predomityuit bydrogeii liuea I TtmIIL M, utauutm oxide bonda i TT?ay. Oa-Od, hrigbt Wolf-Raynt 
^ IL prominent tnetsHic lieu, I „ IT. X and B, carbon bauda I lino^ 

About 1390, Fiukering Lotroduoed the " Harvard‘olaasificatiou, now univnr&ally adopted, iatteringSeodlii^i ortginal 
greupsr with others, (w in the tah|o nppoMite, the vafioua sectkifts being apokon of u Type O, Type H, Ae, Oradations 
or iiitermndiatei are indicated by combinabions of tbo leiitora with figures denoting tsnth parts. Thus BS (a oon- 
veuient abridgment for B'lA) denotes a spoctrom nearly like that of Ctess B, but estimated to be twotentbs of the 
way Eroro B to the following Clau A: nnd 05 {— 05B) means fiTe-tonthi of the way from 05 to the neat OasSj. which 
is B, as Type* W, 0, are first in lequeuee—the original prdnr wss A, B,C, &c,, hut from later infonnation it was 
altered, and wine Hnnnccoasary lettera dropped. Bncchi’s etassns were baaed on visual, the Harvard on photographic. 
Spectra^ but on the whole they are fairly mrcordsjiL. Type B was added 19QS; B, 132Sj W, 1995 (L A.V., recommeDded). 

BO is the highest of Class B (the ' 0'^ i* a starting flyphor, not a lettor), and the lequMic* is OS, 09, BO, B1, BS, 
B3, , , ,B0, AO, Al, A^^, io*; the eoale t* thna n desoonding one. flnb-dlvisions a, h, o, Ao., are used where there 

is uncertainty as to tlie details, hut numhora am anhstiinted when the neeeuary inlonnation is obtained; * 0 ' and ' n' 
start, however, are not auhdirisioiui, hut stars ha ring 'o’ nr 'ti'' cbaraeteriitioi (p.19). Variable atari are now classed 
at maximum (1922)* For the aubKiiTlsious included in a "Type' when used in the average sense, or In statistical work, 
see next page. For details of Types O to N, see VoL Sfl j if.(7,14S; and Draper CattdoffuA, 193:4(Zr.A., vdIs.,9B-911), 
£firly and Lain Type stars denote Types !^A^ and K*M, reBpeotively, somewhat Incanvenient survivalsi in rertaia 
re&pecta of Vogel's awomption that Type I stars were the youngest, and Types tl I and JV the oldest, before tho 
Ciant and Dwarf rfiTiHinni (p. SO) were known.. For tbe same reason, the J/otn JSsflyKcnci i* the downwami progrBaaion 
of increasing rednEaa, O, B, A, F, 0, K, 51—Typea B, K, branebing off at G; and S, perhaps, at K& or 510, TypnW 
mav bo the Inst stage of another sequenca froni Kova threugh planetary nebula to join Type 0 at tbs other end. 

RU3$b 11 DlagTam This shaws very aOectlvsly the Giant and Dwarf relationship and the Mjuti ^imocn, the tbirs bmng 
plotted Bcctirdiiig to Type (temperatureji, aiKl absolute magnitude (Inminoflity), By sddlni cnrvei representing 
r njmiiw\ tho Diagram ha* bem utflnded to exhibit the musdnininHlty rehtttonship as wnll. 

Star CoiO^Urk.—Colour ia au imloa to physicaL oondition. and temperature (p.^ljl- A liib oE the mean colour 
of each Type, and lub-dijvbnoil, U givnn in Monthly Ifotioes Boynl Astroti. Society, YoL 8i, p.23;. Oato Oo aro givao 
as greoni^ yellow;, B2, B5, white ; A^, pure yellow; A5, yellow ; orange yellow ; 5IQ, orange ; B, nrange red ; 
No, deep orange r&d : inteHnedJate types merge into the next oolour. Coloor also affbets twinkling, as explained on 
page 5A The oamponnnta of many double stara eKhibit the ourious phenomenuo—sdmetuusa merely optical—of 
being ooiuplementaxy in colour—aTangn stid blue, or crLmaan and green, Ac: for examples, see Notes Star Charta. 


EelntiTO FumbBPs of dJITererit TTpes (Shaplty)—Of tbs ssD,00d stare, to aboqt mag. 10, in the Draper Catalofue, only 
soma SOfiiO arc ef other types than E. A, F, Q, K. M. ^’eariy 0Q,000 are hrighter than about mag. fiA ; 80,000 are remntlatly identio^ 
with the Sun, and 94 per cent are prohahly wtihin 3000 hglit-yean of ua A and K are meat cemmoo in the Milky Way 
TW ... DBA F a K M H B S 

TifpeMiadM (P&.m fW fkTb.VJ) 

No of Stars ... .« 3.607 O-bfibS SI.IS® 4fl,6iS 7a.,S0& 13,004 

Ftr6mM§\laMmr.&k --- ™ 

„ ^ si a-fi *07 110 10 7 36'4 7^ 
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The Harvard (Draper) Spectral Claasea.—The Tabbbelow juivos tto aallcnt foatafrea*: the Eoauu noiDorsJa 
iadioalo ^chj'a Clftawaffi. Ifl). Tho Wroporatnrea are tbo«i for a "black body^ (P^ 31), and »tb mora or lora approx¬ 
imate, t3ioit& bfitflw Tjpo 0 (Sums =00) being probablj' rather low. For the Radial Talooitj of each Tjpe see page 3L 
Re, Me, Se, Oe, ^4^, itarA denote M, S, Q, tkc, lUr^ bariag bright emiaston lioea («ee p. 33 )k 

' Typo 0," "Type i," Ab., when uied in the general etuisat op in itAtktiical wort, doei not uinally mean the eeriM 
BO to or AO bo A9, but wi Type, in whieh AO, BO, are xpppoxlmatBly eontral, inolading the Utter half 

of tboea lettered: in the Type (larHer, jnet an ^2iid. mAgnltude^ in not 2-Q bo 2‘9, bat 1'6 to 2‘i5, or 1 -6 to U'fl. 9hapl*y'a 
Table, oppeucito, indicatea an (approximate) D.>ioa[ banlg,. bat there in no definite rule: iorne begin Type 0 with OS. 
Tl. Ttw 6 W. TVotX-EATnt Srxiui (ttt prwHwit in Type 0)i. Gontlnuoiunpecmm) with many atmog emieeioti b«mde doa ba atoma 
ionlBation ptiten-tud i mwt importAot tt, waodatod in & nitwgen neqiience ’with A^ru, rr, t 
(T ypeW); orio a carheo ooa with Cn, m, IV (TypeW'J £?ii, m, it, v: tjpteal itan,WB, HrlXl#7,Sfl3, We, lfi,S9S. 
V, Trr* Op Wout-RaTW Stin6{0raeniAh-whita]i Tory high lempcmtoi^ large maaao and vehHdtiwi: hrightbonrla in their 
epeertra indfcata ecnnwation with pUnetaTy nehalie and tnal stage of Kovea All in Milky Way, or Ua{,>eUanle 
Clnada. S^bdirlaicFna Oa, Ob, Oc, Od (Woif’Ea^ct Btara proper); Aod Oc^ aboltahed OA-C9 being aubfltl- 
tuted, wiOi Wolf-Rayet bnnde dGstmibod by affixing a, h, d, ha Oeb. (Sb^OClO* E,, fit,0(Mr F.). y Frfca’tm. 
h TitkB. Qsxon or llsiitOH SToAB {Rlniah). Heliiuq ibea prcmiDcnt: rery hrLUlont and hot: krgo nxBjaa«a ^ mean dmuity 
1/ KWh Sun'o. Terydistant: anmll prnper motJona and mean velodtkM: atn-me Onlaoticr ooncentratiEdi; hrightfldE 
MDfltly betoog to Loco] Clnster; great globoa of glowing guu (3h,^i)0Q" E., M,<100'F.). r (BO), f Gritffl^r j fiCrvcit. 
Tjpa A BatuK or HTnftOfiKtt STaftfl (White). Balmcr Eydrogen Llneii very intonne, Belinm abiiBnt. Moat numereua Typo 
after E. PrednnihiBto in Inw gnlaatle latitudei. Gnatar proper motiona than A (U,CiOCirK., SOiDChTF.). 
SitiMk (AO), A AfifiniTaiediX, p CcWiki 

Tm F, Sraujf-SoLan op Cai^iuii Seobr (Titllow-whitflJ. ColciTim. H ood K line* very pramlnent 3 OydrogHi ISnaa mnoh 
leaa intonea, uetollie lloto iitoraiao. Mnoh tees numerona than A hut inctudea majority of known binaribar and 
largn-propQT-tiiDtiQO Etore; little Golaotie conoentnitiaii, fVhiW E<, 13,800* F,).. Con<i^put(F0), 7 ifoofd, ■, 

II. Trr» 0 . Bnuj. S^altfl (TbJIoW)* Hydrogen lines narrOWM and htill Usaa intenaa j H and K Datokum linaa promiDSQt, and 
many bna, dark in speottJk Deoalty of Dwarfa abcHit 14 timcii that of water. ^Kfove moro npldly than 
proceding typea. yttle 0 alaotio Hwectiatieii. (dOOIT EL, 10 , 000 'F.)i Sun^Ctfp«RajiOO)\AiCtnfaiiri^ ft 
Txnt EL AncfLiniijr or Eju-Solab Stubs (Orango^yellew). Hydrogen linos &intor, faydreoarbou bandv a^s|H)Ar; daimity of 
GLoebe about 1/10,000433 Suo^ 3 moat numertma typa, predomlnsto ati ibo whole in low galactio latiutdos. 
(^USW IL, 7000 ' F.Ji drrtwrw (EO), a Unm Muj,; ** ft /adi 

IlL TrtllM, AHTxmuN Stans (Orange). Spectra like that of the Sun, but with bread titanium mide and caldcm bandi or 
fiutingiL Denaity ofGianta l«e than l/9CH,000th of Suoi'b ; of Qwarfii, graator than SnD"n. Tery distant; higher 
moan yelocitin than B to E, in all directuma 1 'widely BcattemL Fainter etara ihow a prefenenee fci? the galactie 
centre (Si^ttaiiua region). SuhMiLueea wore tie, Mb, Mo, Md (bright lines); Md waa alioliibed l&3!(tha 
■emiwrinn' dgq V" lOfilDca), the otlinre wero luufi (3000* K.,4900T.). BeiilsFW*iUCfXdnmnt^if^. 

IT. Trpa ST. GaanoSJ STaas (Deepaimnge-red'). Ftenliar hand epectre Eltatlinreof oemetsand oandla-fiamea, due boearlion emn- 
poundi; twn.tbii'di in or noaT Milky Way. Probably in a bmnDh OAquebCA, O, R, Ni Suh-olassM Na, Kb, (mado 
KO and Nft imi, and Ke, the deepest ^ of all the store (as S f7epA«i). (SfiOO* E., 4300' F.) F Cannm rsn., 
Gaod for gaeaotw nelulaeL {For itetaCit rn B.A^ wt *l> Iff Puciwm. 

Uaed f(¥t NoTia Divided meanwhile (IfiSS) into 'Qa, Qb, Qe, Qd, Qo, Qx, Qy, Qb : the lost hfu weak Wolf-Rayet 
handa, hut, nnlike thoao Wono it^ no bright hydrogen Bnea. (See pagn and SfVima l.AM^ 1922, 193^). 

B. (Oratigfrred). Garboui bands; TmuaBy roBamhleaK, but phPtographieaUy different, tdon and violet being hriglito; 
not HO red as M or brightest,, mng . 7 h Frehably joins tnain aeqaonn] at G, the bmnob lognnnofi being O, B, K. 
Added I0oa 14fi); moetly in K previonsly. (2300'0, F,). B.D.-I0'6OS7 (TM>), CZ?.-1*' ism^ 

Tips a Red atare, Monitly longnpcHod Tariablsa; vmy oqmplL'uated spectra, bright hydrogen, lines, abeorptinti and embaion 
linn, and sonifl simuiimn oxide abearptioin baods; perhaps a branch fnim Eh or MO. Adti^ IE2S; mostly in 
K pnnriuUely. (Boe a liHt J/f Jf. £&8). ... ... ..* s^ dA 

Notation for Peculiarities,— There are two sets of nototions, one prefixed, ths other alExad to th* Type; 
^eariiflr' memia to the Type R direction'} ^lator", in iho M direntioit (The lettore may be combined, aa OGk.) 

Ptm&Mti fidl tkii, an* 4*uulii Tr. IM. B., tStl, imjh 

a AJJ linn nurmiLlly narrow and sharp ; later than Bfl, 

hydrogen lines and enhanced line* ahaoniiAlLy ctroug. 
g Giant StMV. Enhanced line* furly Strong} low-tsnipiBr' 
aturt? linu relatively weak } hydregon linaa strong, 
d Dwarf Btaia. Enhanced linn woalc, some calcium dititaomm 
' F«l und sa-rlkr tlan B 0 ; ■(■ anil " li' tima, FO.) piMS SCFCn^ 

d Bright BtniMion Unes^ excopt in P, Q 3 tenurkahle^ cl 
cq idh. ; with abeoxpti'Dn. Kne on the vlclat sidn. 

er dih ; bright lion oonspiffaly "mrerood', dark centre, 

am Bright hydrogen A fairly eonspitnioo* bright metotlic linn. 

' Tjpsi D, K, Jto, af ihs edfiiul Khsmt vsra fewd nduBdasI^ 


IYmP. 
Tm 0. 


aw Wolf-Rayat emission lines or bands; ooui^icuous, ewi 
k Stationary hydrogen and culeinm Itnea, 
n Linn imuanally ’wide or diffnse. 

p Fecnliarities; aymfaol of thaelcuiEnit most aflboted in 
1 Remarkable. [patonthcAis i unidentlfisd. line* ' Uil" ), 
q Absorption lint On the violet side (with e). 
a Lines sharp, hut' e" cbar&titemtlo Xkot preBenK 
V Indlsates a variable ■pcctrum. 

^ ] Forbidden lines; ejmbol nf element in square brecketa 
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Giant and Dwarf Stans.—Spatsti^l typa indlcMitiT^ tb? tempemtEiM pegulitei the aurfuao bright- 

; and tJie lurCKia brightneu d£ a «tAr muLtijiEiiid by ita area (b« bmiiitwlty or total unoant of light ei&itt&d. 
Thin, AgAiitt r6giiia.taa the abwloto niAgnitade. Heaoe^ when twci ntam of iiiuilAr Type hAve diScreot «biolute uiAg- 
aitudeA^ thiiy tniut, har^e di^breocr lightHemicting omu, uid diAmeten. TliLi ia well ahown on a Hw^etl 

AnAlyiu el ibaoluLa bmguitttd^ i»haw« that on tlio one hand there ii a ocratjoLioil* Aeriee of Alarn fvem Typoi M 
to E, with inoreMLOg temporatiarrMi, which haii'e groat And fairly oonitint AbsoLutd iiiAgoit4idliS«, imtiging from kUmt 
+ 10 to — 2'Q', or About three oiitgiiEiUidftt. Qu the other hAnd thore i* a rereraed Asriea. from A to with doerMAhig 
tempemeuroA^ and nbAoInte mognitades fAlliag OS' a uuignittitle or two ua each laof^BsiTe Type below u roAohed. 

S tara of the incroBtingdomperAtnre neKe* are koc wii aa thpAO of the deareftfimg-temperHtnre one u JTurar/A, 

beoAueo iha Oumt M-^iara oioit lure enonnoDA dUiiieteri to Appear aa bright os they Are with their low tempeFAtoree, 
while the Dwarf M-atiLfa mtiHt be mull bi diameiar to appear ae faint )u they atb, with ainuW temprAtureA, Thew 
oAEaeiB, howeror, only apply Utermlly to the M or late K ntAiw of the two branches, aa tfao diFerm^ in diametf^r bo- 
tween each hfAfLek doutiuually leaBciii with eAch step forwajd* or hmkwiirda towArde A and E, untth in then# Type*, 
the iiii?niberfl of eaah sariM ran not be dkiiugutehed ; from FO, bcwarer, Diant and Dwarf etare ire kciowa by their 
’enhoaoed' and Mow tempmture' linos (p. the Gianta baring a lowor temperature tlian the eorrespndmg Dwitrfit 
which Are biuerp Tlte Dwarf* greatly out-number the Oinnte ; the cooling atAge probably luta much longer. 

are about lOOO tinies brighter chan the SuOt with aluolute magnitTidee greater than about-3'0, 
like ; oicm jf (aba. tnag,) abaut - S'7. well-marked group, arcragu about H> tiinea the Sun^a 

hrlghtneai., with mean Jf— 

The Whin Dtotu^/i —exdeptiooal itare Eke the Miapanion of SiriwtfBiriwi B )—are itara oJ high totupcrattire, 
yet so very faint, in proprcien Uf their distanccrN, that their diametuni must be of planetary aiii:e, and their averoga 
density almost Leered ible—so me of them miliioiu of timeu that of water, thei-r largely electron-stripped atoms baing 
paeked enormously closer than in tho matter we know (see below). Being m faint, only the nttarer ones can be seen. 

Stallur ETOlutlon,—These facto suggested the EertEprung-EuESflU theory* that a star begins it# visible life a# 
a dlffuBr low-tenipBratbre M-giantv In aocurdani;# with *I.Ane'i Ij^w ^—that a gaacous body radiating beat, and cOn- 
tractlog nader iu own gravity, must get hotter as long as it behaves as a perfect gat—the star gradually rises In tem- 
penture, and so pussei into aDoceaaive higher Typea At last a Type is actained—determined by its mass (see below), 
—at wbiah radiation balanaea the enei^ supplied by contracLion, and the star therefore begina to cool, and, entering 
the ranks of tha Dwirfa, pasyes downwards through the jsame Typos again to invislbilij. 

This theory, whilah offers a veryumple eaplanatian of the Type-gradatiooi, by no means explains all the facta, 
and from the phcnomona of Kov* A4td White Dwarfs, It Is laow i?uspeated that change of Type may bo of a catostrophio 
aature, due to the collapse of a starK 

MflSS^LomliiosJty Law.—If stars are plotted according to mass and absolute magnitude (luvuuoelty) they lie 
along a emOoth ourvo on the whole, mass luminosity being prsetlealiy a oonataDt (except White DwaHs). This mass- 
fumtnosftp relationship enables atex uiasses to be approx Lmatelycalmilatcd from Che apparent magnitude and luminosi^, 
k itar^B moas seems Co determine its temperature, for only those of great mos^ attain Type B, and thoeeaf very great 
masB Type O. It now seems certain that a* a star grows older its mass decreases, mass being converted int^t energy, 

Periodi-Lanilno^itj Carve,—Many stare vary In hrlghtnesA, some irregularly, otiiere in more or regular perils 
A certaJii type of thMie, known as CephQidt(p, L^), luve the pseultority that thoH of a given period have prs^ticaUy 
the same absoliiEe magDltnde (luminGeity); the longer the period, tlie greater the absolute magnitude. The vlsutd 
magnitude of a Cephsid star, of known period, will cherefare give its dlstauDO. Thii property of Oepheids is of 
great itaportanco in measuring the distance of oxtra-galaccic objects, but the reoqou for it is not yet known. 

Star MaSS4ii& ore only known directly in the case of bLcmnea, the average binary system baviag about 18 times the 
Sun's masB (oontrected, 1-8 0); halving this, gives the averags mdividnal star maEs os 0-9, or nearly that of die Hun 
The maia of oon-hlnary stars is roughly calculable from moss and luminosity, see above. 

Masses hvs or six times that of the Sun are not eooiinon, and no mass lem than that of Krtiger l/6th of tb« 
Sun's, la kciowo. The greatest known maesea are the coiiiponeata of a nmg. 6 08 binary, Biar 47,139, 

oouibined absolute mag. - at least 1E!8 and 110 times the moss of ths San. 

Star —Those of tliant M-«tara are very siDoll, less than that of air, being only some I/lD^OOQcb to 

1^0,lliOQ'Uj of that of the Dwarf Sun, which ia 1+3 tiroes that of wacer; .dTitanw has no greater average density than 
the vacuum in an electdc bulb. To moke up, tboir diisroetori arc of the ordur of 100 to fiOO million miles (toe p. 21V 

Tho White Dwarfs are at the other extrema j; Fan Jfmanen'i ^S'ltar, absolute mag. (visual) 14^4, iff found to bo about 
the sire of the Earth, and seme 900,000 times ai dense as water—20 lone per cubic inch, A.C.+ 70' 8347, a I 9tb 
mag. OO star, is half the sixe of the Burth, and 33 million times doustir than water —820 tool per eubio inch l! 
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Star Ttililpdra,ture9.—TjpA fi ehiefly * tompermtojre phraomenoiv be 

pteutUMfid bj eiiid 7 »i< ef tbc * uttturgj dutribaLion' in their ffpeatra.—tbit bj AwertaiOtiiif tba point nt which the 
Intoiuiity ii ^Rtett: tbfl fttrther ths maximum intoniitjr U tawwda lha violet end, the higher k liia temp«rmtiir«. 

A ntar beinparattira lo foond, bowe¥er, is not that d£ tho interior {which in the Miln SoquoDoe ta o£ tlio order ol 
30 million dagroM K«), or of the nurfitcB^ hot k whjit k oalleii tho Slaek M(>d^ or Tampfraturt, which mej be 

denned u the tempo rotiire of e 'perfeet radletor^ {sey that of it aheet of lampbl&ok, the moarest approach to it) which 
Boodji oat the utme xmoant of rxdkticu pe<r anit of araa m that emitted by ao equal area of the stur. Tbie k bued ou 
' Stefan'e Law’—that the total radiation La propordonol to the ith power of the obKilote temperatore {lee below)^ 
multlpUed by a aouitani dopuadingoii the natore of tb& rndktlog eurfoco. For the appToxiiitiiU»effective icmperatiinM 
of each Type, aoti p, 19. The White Dworfa have oentral l■aIIlpOiirato^efl of the order of Ifi millioii degceiw K; tha M 
OiKQta, otily a few million d&grees £. The lowotit efFectiTO temperature known k al?out 20Cl0''K, 

Tha C^our Temptraiurn of a atoj- k determLncd from tho of mtotuity in the oontlnuous background 

between the linea of its apectrum ; it k alwaya higher thin the efieotive temparature buerJ on the total radiation ; the 
difference increeaes with the temperatum The ayemge Colour tompemtnre of the AO itare (l&DCO'K.) k the rero. 
Tbi AhmLute Temptrature k the tempemtqre oboTe l&ra, the teinpeiwt.uTw of a ^ eontaiDjng cc heat, 

— B73‘(l {- tOO'J?*), uauahy etauid 111 degrees * S. ’ ^KelTiu), wbiult k the ordinary CotttigradBteiniHiraiuTejiJt^j'873*0, 

To oenvert K" into Omtigradje degree^ subtrort i73* f into FahrenlMut,* multiply by 8, divide by ^ and eubtnuit 480*. 
dpaclty and Radjatlon Procure on futen of ereat inqpgrknee b the tbeery of stellar IntEriom. Ibe firwt k the niiii- 
mtica of the gaasDoe nuterinl Eo the outword flow of radiation^hydrogeti, tho Lighunt elomaDtn offering leest resktonoe ; the 
opacity af tho faigbly-^ionieed atonu In etellu fnteHon k vary great. BatUghoii Preuurtt, the momentum of radiant ecergy^ and 
propartianol to the 4th power of the abentute temperature^ k rery great incidB a etor, and largely eontidhntne to the support of 
tlie euper^incnini'Lietat matter. It idop seotne Tniq^maihle for DoxoBk' talk ; u tbo v«gbt of opherea dimlniihm u the enbf^ 
and thdr projected oreu ab the equire, of the diAxontN:', for ex««l]ngty omalt partiolee in the oame^ when nw enongh to tho 
R«n , * point ii reached at which rediatien pfueeLiroeiiOMik the gravltaLionol pull, and tbeeo particlM will be repelled from the ^on. 


Star Dlaillfltera,—The angnlor diometen of the atari are far below the limit of direct angular measnitibicnt, 
but, in 1921, intorforometer ni«Hiure» Bhowed that Aniorei, and Inter, J/ira, have Angular 

diametere of ‘047'“, ‘041*, -032", aud 056*, onrrwpoiidmg to 317-, 400-, 310-, and 13S million mUea respect!velj, len or 
more, according to the parallax adopted. (Tba mileage for any parallax may be found by the dniple rule given below), 
fifttigmiM, however, ipparently pulsatee, varying froDiO''‘034 to 0"'0iT^ Stellju- diameton can alno be oalculated 
no the baak of surface brightoeee and v^eual mognitade (see 'Luminosity'). 

The diometori of White Dwarfs are of planetary lise, ■S’lniEU B being rather icoallw than Neptnne^ and JlC, + 
70* d347, roughly half the aiu of the Earth. 

Dkmetcf in Multiply the onguiar diameter m Hoouds ef ran by 93,CXX},0(}C^ and divide anawar by the amma] panUai. 

„ Kllnmatna,— h m „ n lAO,OQO,dOO, , 4 ^ it # 

StellSJ’ Rotation.—In lonie spectra all the lines ore equitlfy wide^ mostly faint^ and folriy sharp-edgodj the 
metoUic liiiM being wide, the Stark effect cannot lie rei|»onjnhle. The wide linsa ore interpreted oa being due to the 
Btar’s rapid rotation, the widening being the effect of the lines produced by each limb, whieb are displaced in opposite 
directions. The meut rapid Totation yet fonitd k tliat of dlfatr, 3S0 km./neu. (160 m./iee.'), which rotates in about 
7 bra,, although its duiicator is about Ehnes that of the dun. Smallest velocity detectable, about 30 bm./sea 
Star Vaioolties arebfwt known frvjin the radial velccities, found by the apectroscepe with oonsidqrablo accurwey: 
it gives tb# mmimnro-poRiible value for the ‘space" or real valocity, which, in general, k greater, hut k known lees 
aocnraUsly, Ite other factora of parafUx, proper motion, and s<?Ur motion, being more or leu uncertain. The space- 
vnlooitiu cannot, however, differ greatly from the riMdial ones, untess the orou valoeitiy k relatively great. As umaa 
vnlecitiea, on the average, apparenLly do not differ graatly from the radial ones, the average spooe-velocity may there¬ 
fore be taken to be of the order of times Lbe radial velocity, i.«. the approximate resultant of twonquol velocities 
at right angles. Vdoeitina are expraesed La kiiometroe or miles per seoond (contracted, " km-Zeen.", ta./S4n.). 

The majority of star velocities are under 30 kilcunatrea (19 iiiil«!i) par second, tbou of hO knu (31 milcci) oro act 
common ; hut there ore notable exceptions, RZ Oeplirw having the onOrmoui velocity of UM km, (flfiO tallo*) perasecinA 
This k far ■urpavsed by the spiral iwbttliB, which ssomfngly speod through space with velooLties approximatdy pro¬ 
portional to their dktauce (about TIDCM^^O km /racs, or 310-340 in./scoa. per megaparsoc), up to 200 million light-yeon. 
Or more, for which the corresponding speed! k sotne 261jD mlUion kilomotros (1630 million miles']- per day (Table p. xi). 

On the averags, velocities tend to mereese witli advonciug I^pe, os shown by the Table of approximate average 
ndial velocities ( )below ; the velocity ako LncreAnaa us the absolute magnitude increases. The velod ties of 
the few R stars known, fall into throe groups ; under 10 km./ieo.,about 40 km./swi, aod high velocity S50-9S0 km./see. 

Hadkl TbIdci^ :— ^p* 0 B A F O K M Me N E 9a P 
Km psTsin. £&|kai. 6^ km. U km. U|km. l£kuL 18}km. 17km. 39km 16km 31 km. 34 km. 30km. 

Milos per sac. ». Iflmilos 4nL 7tn. Sul Bm. 11m. llm. SSm. 11 m. 13 m. l&m. 18|ni. 

Mwui aba mag- (TJworfti) +a‘6 +4‘4 -he^a +fi‘9 ... ... ... ... deuwna 

„ „ (Glaati) "** +“^-0^ -P(J-S 4e-fl OO -05 (-1-55 (-15) (+0^4) 

'' ApIN-aidttulaly, irithii] 




ja srscTkoscopr. 

S tell in' EquipiLriltlon of Energy.— tliar® eouHidflrmblr! differeiicei in tlifr i?eilociti6ii <if indiTidtial 
ituDB lla oub Typftj Stan of low Telooitj,, on 4Am fnxragA, have lai^ msasses, atui LhoM of bigb velocity iiiziaU ijia-raei^ 
!!rbe krinetie energy of euli star^ths Telocity eqnAwd mtiltiplieii by hnlf the msAFi^iR tUmf on the ftTcmge, *pprtni‘ 
mntely a conatiaL qqAotity. Tbia baa beea abown to noeult from tbe ioter-aotion of the atara on onfi iuotbor over 
enomioua periods. The B itara, howoTor, do not eonform to the mlo. 

Lig'ht-AbsOrptlon In Spitee' awstm to ba almoat aegHgibW, aa the diatancoB deriral from the brightecBa 
diamctoi' of the remtitcat aplral nebtilaa are fairly acoordnnt. Within our System, howcTerp eapociilly ncftr tlie Galmtito 
p]moe, aTidents faTODra a alight absorption^ which red>igfiM the sLttra—'Ls.* IfinflOiiit their masirnmn inteniity, dieptaemg it 
noaror the rod than the normal for their Typo—ranking absolute magnitodta roora than they should be, and tiiatiwawa 
deriTod from tlicm too great. Tor 0 7 absorption per 1000 pargecBp at 600 pareoeu tbe real distiLnco would be 14% 
Cnu Lliati tbc api^rent; at 1000 parai-ce, 24% less j at 6000 pan»w 5 ,60%lees j hat later evidenee fa^oura a sinaller absorp¬ 
tion, O'tO mag. per 1000 jmrEeca being the most probabio for nniJortn iiLtennellar absorption in the Oalactie system- 

Ctrifusr iucwri U the greater radnem of a star (oreaternaJ galaxy) UTsr a tiarmal star of (be same spectral Type; 
it implioB wmo special factor, inch as giant and dwarf dMbrenoe (p* SO), or ipsce roddecing. 


lY. SPECTROSCOPY. 

SpeetreSGOpy haa now besoms of aucli iar-miitihing iin|jorl»n(M in ftitrononiifait reseatch that ieih* fcnowiedge 
of ita nalinnt facts and termiJiioEogy bns become n ltwf non for understanding the differeneaB between the varioui 
Types rif itari, and the rnferences in current astronorninfll liEorature. A siraLlar knowledge of tbe atoinio ebattgei 
giTing rise to the Tarloua apfl^jtra is also usefiil; the fnllowing brief outline may help those nnfantiliar with the Bcbj’sct 
yght ti inppnaftd to bo due to nndalaticcj nr waToa in a (byjmth.ai.ieal’i liglit-tiananiittdnfi mediam keown jw the eth-sr; theas 
Ught-waTO* a« of in^ihte Tarioty iu thalr crest-t*ncnjrt or *waTe-lcugth‘ dlstanoea. somu being oiMBdiagly shorty oths™ com- 
puretlvnly long, hut thn eye only ponaitmi ibow within narrow lunita. Tlia stiMtCHE waTo-longthi viiibla pn^uoo the wwiicn 
of Tialat in the eye j tti»a about twi«s as long, the Bensation of lud; thca* of intcroiwil»tH wave-length giva the sensation of 
blue, gTBSn, yollow, orangSr iSo, The light frain ui object li analysed by passiag it througb a slit in the spectroaco^ l/fiOOth to 
l/l(J0t>th tnob wids, tlion elcbjiff [a) through a prism cwf prismi; or (b) ktting it iaU nbliqiwty on a finely-rulad ' grating ^ in both 
oatKS the narrow heam of %ht is Bprssd out, or '■ dispersed,' mthasp intoa long coloured band, or, for seme kinils of light, into a soiisa 
of ao|«wato ttairdike ooloured Unm. («) forms what ia Immrn so a prfwwtlib BpoctTnin, in wliich the waTs-kngths at (ha red end 
ora much lew* sprvd cut than thorn at tho riolot end; ft), a itomuf or apectrum, La which the disperaloii im uuiferen 

throughout, and apreed# out the usd md to hotter adrantage than a prism doa ; tbo loss nf light in gratjn^ howaver, ii eo 
aotwldsraUlo, that they cannot be used for faint spoctra. The nurawer the dit, the puiwr, but l^ntor, the band speotraiiL 

*^*tT bi 4 ^ I ™ 1 I !>*** niji 

p, I i Ivi.mt; I I I t'v*] i ^*"1 olilw] ’^L. _11 

t,J ^ ^ ;—33s;-^ 4-^ i i := qs; *w-.' 

If. "Worniftt' - Olrtfaffnan'' spwtnjnij iliipnnma iialfenBL F. ‘PUpmStlfl ■■ Bpoptriain. um* Jun^tti kosII liiipendm red will, laris si vIniitMiKl 
*A XrSB*, Tdiunt I C If* I j E ^327^>, /rtrt .t Ca. I F 14fl41,.ffydr^fii, W j H 
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Anj^^trom Units-—The ijrasKo-fTsetdistaiicoa though rwy minute, oin,be menannHl with great sccuracy. iujd arts expresed 
in I7nii» {nontraoted, AO., «r ajjgiitronia^—oacb l/tAn-millimitbflO^ of a miltimntTe, or a +taHth-cictns^—Byiuhollaed 

by the Greek letter X (denoting Ang. waredength), followed by the munbflr of teD-miflionthn rrom crest to cresLl- 

Tba IntmTuational Priraary Staodard waTs-lsngtii to whida othor tines snMufdrrai,. is X 643li'4f!0S. the waTB-length of a red 
line smittoti by gaseous eedminiii,. and uniw nn this hasis are dsBignAtod ' I-A' (IntoiniiilioniiJ angstrera^, na the originAl AB. wa* 
•lightly omr-Taluwl. There are' Sefstuhini''Slid ^TeiftlAry' aundafds, Using the luvM of othrir nlrmeuts, (See 7>, Ad.B. lOiS-SS). 

'ITifl Grffik Isetora a sometimoa used iostsaJ of X, eepeclally fur tl»a longer waTo-lengtlia, indicating that (ha fipunM in 
^bcrtiAandtliB of a tnlllltnntre (mlorani} instead of tcu-mUilonths: or miUioaths of a iiullinistr& are sbio aoraetimee nesdi. Thtu 

It 0^3ft4?te« * foi Si5 B4S0« -1 e4S8'4fl9a. W is CJwd sa tbs plural of X. {>—^ n lU.OOO j ^laiiX+1 a,000X 

Tint Visible Spentpum rengoa from about X3G0C1 in thn oitranJE Tiolst, to XTftOO in the rntnunrS rad:* hut it hss no definite 
limite.. AH oyw Taiy in aensitirity^ Bnuau, bsyend the violet, ia the ufrm^nbf^r uptsctmiiii of eTHr-Bhortoniiig waf»-lef»gthSf 
noorded hy oniiiuuy plkotcgnphic plnjtea up to about XSUOO; and by spealsl apparatua le MJVQ, BEyond the jrod, alw unseen, is 
dis infra^ptd^ of sTerdongthBning wave-lengtbs, somBtimiw i^ed tbn 'host spnetfum'; it is traooable tn hlS,€CO by npectal 
photogrephic platHi, tbeamflar by athsT msAiis, to the Umit of tfao solar spcoti^ about VSO.OOb—hut them are wAVs-lmigths 
far Icngcr end shartar tlian these llmita Osygsn in cw atmospbsra, snd so oBoua laym high up, nbeorbs alt radiAtioo from oatsida 
shorter ttuui XS9O0, nroopt CJoamw s in the infre-red, tees than l ^ of tbs solar radiAtion is of greetiLT wavo-lsngth than i40,fW 
CoDTentlbbal Dlvlsluns of WnFedangrtll (houndarioa indefiniu^ saoh Idad gradnaDy mergBS rnte the units X^srvgstrnTM). 
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Thi EffaetlTB Wave-lenBlh nf a radiating body may he atated genenUy aa the wsTS-length at Its avarage mt«wity, /w 
di^ntd flHwfiWflnj— Tistialij, photogm^ducally, 4c.— thn wave-length at which thcamaTint of such Tadiation is equal do each sida 
* Ffwtibiiler'a IstUn ruu Ir«n ted to sialat * violot to red ii nsrw prsferrsd—wsfi'length arim. t Prtijtasiwf ii alio u—d thu UUiabef 
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EmUslDn and Absorption SpactFL—An Lnnamiaflmnt aolidf liqiikl, or gw nrdw hiffh pnurtiin^ givaa whit m pajlnd n. otm- 
iMWi'iu ipBotrwilt wbau tha light It oOULb k pAned th.rm|gl!| thqi pfinnu t^if tho N[M«tnhati4pa» In nthor Wtinlif It wil4 light oi *11 
Wh'F^kngtha betWABD thci deupoit rad imdl th« d<wp»t fjolei. UDdar anltDiizy presaarefl^ bawarcr, 'Wch dtUDKlblJrjr itulMtaaDfl in 
tha g^MdON qtite HimtBt witen exqited, anlj otstalu daflidta WMTb-limgthfl paanlw to it»ir, tho mt t>r tha npaetmut being miiumg ; 
In tho apaati^ioipe Lhaaa Ji}jii«4r, wliatt * nuYa# ellt ia Iisad, u * emw of Malacod luLf-lilu brlfht oaSDumd Hoh^ formieig en 
♦snuMinu’^^ or brightplina apsotrum, *iid tbo ap|K:*Riut» of tliasB pejtkalir linea fclwttjw iuJMrtee tho preflonoe of that aloiuimL 
On tbo otbdf kuid^ Hob eiBinotit in tbo pdoaiu atata oq,!* nqt of ibKKfbo, finia coDtmrniwJipeoemill ligbl mvoning itj the 
ufatn-imffihM iJuii it mm£i wAnn erei'lgd, mi thit in the atHKtnnoopBt (be light iwao aftiw the *ti«fikti(in la no longw 
oontinaOEUi^ hot broken ap bf * eeniM of ttair-like daric line* [the imuge of the dU) wham the ttlworbod w»iro-laiiEUMi are mlwing. 
Thene dark Udm oocupf tbo nnut pomiiim* a* the bright tine* of (ho eirnsafon ajtflijtroiOf uul ana (^ted hi«# i they not 

only todioate the pnaanoe d the almnont, bqt dao tall that it le at« Eawttr (otcLperatarB than (be hgbt-aoaroe bahitnl It^ aaihaorptMin 
mil j takoB plaue if the aaisoton of tbo abetirhiag aabetanco ia Eon tban that of the emitting aubetaa<io behind. Abaarptien linoa are 
alw found in the ultra-violet mad itifra-red. Many dnmants ara repmaentod by huodreda of Unee—BonmtLiniQe tboueanda, aa mm. 

Prmunbofbr Unna.—Thedark Liuae of tha aolar Hperatium ara mtllod after PratnibofEir, who ro-dkcorarwl them In 1S14, and 
lattend Uie moat pronunHit oneaaa in the Table abore^ whinli alflo gTTH the ooFTHpouding demaiit and waTn-leagth ! (M]^ 

in. the ultra'-violab' addfid laiier, and the original (H‘) and (y*) re^lattorad (E) end fK). Bnt as the aama letima mo jUim 

qiMi for atar Types, and u ehsmii»l aymhols for element*, h» pravant ocmfhajoD tin I. A.U. recoEnmandnl aa follnwe, id 1S32;_ 

Letterm dcaotinir Fruuifaafci' line* ID aatmiiomlca] worki i ^oold be jirintad in erdlnary Sotnazi mapitalst in paiwitheBec. 

„ „ ChBinicBl Symboia ^ „ tfeJiiJ fieprtala, 

Tbtt(H) BWunhofec tiae muit not be DODfuaed with ffm^ E/t, Ey, Z75, fto., lideB^-eo lettered by VogHl—which danota 

tha ^ Balmor' euHna of hydrogoti litvijabelatigingto the normal hydrogen tpootnim Jody four appear ia the ordinary mIbj apaHmi-m]; 
other 'eNirlet' of bydrogsm lm« appear nnder diffeirant oonditiona. Ey ia ^4340; ^4102. h* jXhlTa) fa magueeiom. 

Tellurlo or atmonpherio Un» in the apectram oxygen; mid {a) water rapoM t^ 7186)^ roatilt f^ aheorpti™ by tba 

o^g&n and water vapoitf in our atino«^>bere, and have no plaoe, or only a weiry faint plfkcn, in uport™ before they reach the Ewth. 

BandSn groupa of ™ry oloee lines—oeo aide sharp, tha 'bEnd'—in iaw-tem:|ie»LCirB qicctra indioate a wtsfocdrir fywcfrw?^ Le., 
one piudiiood by moleonlen, atonj* of two eleTnonta ohemicaUy combioiMl; the orduiwy Bpeetnun ii that of the nonna] or neutr*! 
atcis (iKe below), A^«rad apectmm ia one that haa recurring grmipi of lium or najrow haed^ grri&g it a fluted appeuajiceL 
Flame, Ar^ and Spark SpectrtL^Tbe lloee produced by nui^ elmiustit tire not the aame uDdar all elfoumstanuis^ being 
oihaDged or modiied ondur diffniont oonditiotui of temporauiro, jMeeAinif A*?^ eapecrially the formor. Thn Airnurtw, or tow- 

tmnpcfaturfl apeetruni girau in a Bunaan. burner {amne 2000*0.) hae comperatiTely few lines, aad dlflhra ie seme reapecta Irom 
that of the' Aft apootrum obteined in tbs olDctrio are at & tcmpcnitani nf some 3900* D., m which oew Imimi may eppem. The 
£pctrk apectrum, agimn, produced by high Eanaion dtachorgea, W ditfarent chjunoteriatijua front thAt of the aro one, same ^ low- 
tHropeimtnje' Unea, that haw l«Bsa fedtug m the (eiDpenture pwsr, dtsftp|»!ifiag altogether, while other iines *« ’‘awAttwced' 
that is, haw grown inora inteLao, Bpeutra can be studied np to tomporattiroa of aome ££1,000*0,1 etec^oally-explodad wii^ 


Dappler En'aet, or the diaptsoeuMiiit of the ILnea aa ^e raanlt nf moblvn of the light-aDuru in the Hoe o| alght, is of great 
Lmporbinoa, aa ib otiablsa radJal velootiLca and rotation peiiads to be fouDd, and apectniacapic binariae to he dJaeowrod. If a 
■ourcfl of light U apprc^schkig the vbaervor, any Ikins suon in ibt apwtnim wiLi nut bn in their uormal pomtiona, but eoniA diatonua 
beaTEir tlio Tiolstendof the spectrum, or if the lighi-enorDD ia nMeding, nnarErihe red end of the apectruBL Aa tho displaoement is 
pcuportionhl to the Telocity, the redial wlaojty can be aBlaulatod by identi^iitg a Mtri»of linea and mouimiig the omaont qf ahift. 

In the oaee of a binary atm, each atm prodqoes ite awn mt of line*; when both atma aiw in the lina of sight, the two nta 
are Fnpef-LitiiKMd and appear u a ijngkset, then being ;do arhital radial motion towarda ua, u their mertimu ore at right arjglw to 
the ILcenf sight. But wbon the eton opeo oat again, one star ia moving toward^ and the nthiqr away frem us, eo that tho two 
«bo of linse separate in oppoaite dlreotlims, and roToal the diiplinity, and the rrepootiTo orbital radial tpoeda; the wafne priuciple 
appliosto theoppoaits Umheof th^Hami,of* reteting|iiLuMit, orof a star t[p. 2lXo£ieofwhii^iamoTtDg towards, tho other from ua, 
Intenteller Lines,—^njetimaa Id Kore, and Ln D- and B-type bLnariss, whioh am very diatact, a third set qf pmoticeJIy 
BtetfDpary lines of oddiiin and sodlnmi appoam* ThnsB lines are now knows to reoult iVom the preiHiucie nf interetejlar matter, 
onifoimly dbtrihnted, ingonenl, through ovr iSyateis, and which rotatee pmotically with the Oalaxy- in stem nBomr than mf 1000 
parseoa, it does not rerool its proaonco, beoaDW their tight doss not trarsiwea suMoient length of (he abBorblng modi am to iKrodncie 
a poroeptible effects The more dietunt the star, the itrougor the tinea, which property con be osed te Hod (boatar^ dietaiidn Jpjl4). 

ZOesiBJl EObcL—If a mugDetia fiold ie prOiOnC, lioea nofmally single toay epUt Up into two or more lillQO—^tun wblrth the 
polarity of iuniipate, and the poaltion of the Sun^a magnetiB axis am fnand 

Stark Effect.—The spLltttng op of IIdh by an eleotrio huEd ; IboM of heltum and hyditigun are greatly aflheted, tboH of 
the moUli but Uttk tbue it oan bo dimlDguinhed from tho ISoomma offset. The hucUir the hieliiini and bydrogea line*, tbo 
■trougur is the olootfie held, aud the more prominoat tbo forbiddea Unoa ; doo the denear the stellar atmeephere miiat be, to 
give the elootfie flnld required to ellqw the forbidden Huee to he preducad in quantity, (Boo eleo Stellar Eotetion, p, 31). 


Atom and Its Prapertloa—The varied eteJliir s^Hictm, end meet of the ehove ^e^sote V ere due to iDteraiiJ ehangre m 
the atoms of the elntnaate lu the stellar stmuspheres, under diflemnt temperature end preesure wnditioDi ; the fallowing tnni n facte 
qndetlis (lie Tarions, phenomena, on the Rntherfard-BahT tboory, which MpljUTw Ihom well, thou^ not oomplete^. 

The atoms of an element ore the emaUeet partiolre diatingui^bls by ohemiMl moans; tboee of esch element diflhr in weight 
and propertiee, bat all ore hndt up of tlu eanu faDidameDtelA^^mitefte elWtrenr, and ouergy. Each praton {aa. hydrogen Duoteua, 
Me p.24) baa a ooDstent poeltiTO ^rge of fttocteicity; and oaob aleotrou (uase only lAB47th that of the Docleua), au equal uegatite 
oharge. In the normal atom, thODe tihargm balanoe, and there being uq ehictriq field, in this quuditioii it ia a usutm^ a^esL 
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Tb8 Stfuctttrfl of tho AtouL—Atonu btb pictured ita nunkture lun-Ehnd-plinet tbcutom ofeicb «]«sqnt, being 

mppewd ta OdtiHint of n nndistu («i±n4nalj RmA^l, «v«a tyiiu^iUKd vilJi thti t±aj^ tttuia, feud iLMif iMDspoMd <(f protoiu Knd nitnitroMi, 
w b«law^, poaitiTcilj hivd Rurr^uuded by obo or haon Vahnlii'^ (orbitaj of olnotroiu t a&ob blwtfou cft-rriu * luiflfl 

w^tira Electric chargait “*“^3 only ot» eloctroo. 

In it« norffinl (uoo-iooiBod) ititja, an atom in not cbapged with electrloity, beuM tlie nainber of unit poaJtiTB cfcaigw (protoM) 
in iti Duolotu \m eqnal to tliE cambw of deotiwi* ^hich wurroMitd It; tbii numlDer in. oalEed tbo Arowt'c nuwi^ (diffbrwit from 
the tfromur iKt^4r or nuw of the eJennaot), uid dotenuiuM ita cheiujoal prupcrlLu. Element* nmj^e in atomic nnmber from 
I (hydrogm, the HiinplMt^ iritb mn oEeciroti) to 91 {uraoiuoi, witli 9E Eleetraua rowlvtitg i^uod the ouclena). 

The K'lring', -AeO;—T bo eliactron-grbite ana B[3aced in grOnpa^ each mBinber of whieh ima abobt tibe laliao Uid diuneCer, 

bat tuaj diffiar in edOiMitrtditjr. Tbow gmUpa iiro known k Riju }*—OiHiaJtjt more oppropriatnJy^ aa ihellMy beOaUae the moiubexs 
of aaob group pnsQtnabl j mum in diQoiwEit plmuea, their dinmelerB being about the inane. 

Tbs group THsiuoai tba nuclona oonauta of tiru orbita of eqtinJ onargy kuovo u tba A^-rfnj, wblob Itaa Hm lowost enorgj of 
all iberinpi i neat wm®« the A-nojPp ^tb dglit w‘bit4 ; tb^n the with 1& orbita^ aud ao an ; tbe outer ring of an filaniHiit'* 

doctrona may contain only oim otedtpofi. Tbe checcdoal and etpedifaaoDpIc quautltSaa of an elometit aw largaly detenu Lned by t±w 
□nmbnr of diutroua in ita Oatormriat layer ; tbaaa am hIbO the moat gaadJy ' MMcritcd" or * ioniacd '' (Icnockfid ofi*, IteEcw]. 

CdUIsIqti^ —Tba ataqu of a gaa,, under the adticuof tbe beat which it KintailMi mab about at rety high dpeeda—to which gaa 
pmaaora ia diia-^^^aud are isoewuitiy ouUiding; the higher the abeoluia temii^irature iEi)«the greater their apood, and llio more 
rioleai tlie wlliaion*. In a rarefied gaa^i.r.p one at a Tiny low prewuirfr-“tho jeumey without any pollirion, or/r#f yx^A, *f tba 
atom la brigt the diatanoa betwean tba atoina Iwing nlati vely great; coUki'iMia aw tJhcnirora lijaa Eluent than in a denn gaa. 

Mokfu3ci.^AtordiaarytDETBHtrial tcmpormluWapgBJItiadonCitBiiFtaaainglaatomabut aaincfecWftfpOdmpoeisdof a pair(c>Tii]arB) 
pfatoma in combioatioo^eitbaT of the aamaor a iiiffi!ra4itelemeiit; wben tbe tempemtura riaai auSciently, howerer, mpleculea ara 
di 4 t<ieiaiid —i>,p resnived iDtoaingle atanui —fawariateran at the Icnraat at^lar temperatnrea. The apefid of tba nmleeuimi compos¬ 
ing a gaa ii proportimial to tbaequare rcota of:—fuj thodr mplpcutarweight* mrcMotyt ffrji the abaolute tpinparatuni^ diwsctiy; the 
Ughtor the gAa, and the bigber tbs tempemturUp tba greater the eoJooity of the mcleoalta—each liawing ita own TeiiKotj for a 

given tesaperatdfe. Laft tp thenmelTis, tha tuoiemiled would dJnaipate inta Bpac% but ihl a aufficioutly maaiive bodyp the graRita- 
tional force retaiua them with a furoa depBodingon tbn body^a tmua and »dhu—an important faotur in planetary atmuaphorea. 

Tha IWcoi'iyo/£«»/>* ii the veiocitr at wbiob a plauet'n mau ceaaea to beable to retain a gaa(p A!1]L Hjdwgen, tbe lightest 
eEmuent, ia loet firat, then haUuntp water vapour^ utygeDp nitroguD i carbonk arid iiiat, ljut at Toloeitiim uu gmater than i quarter 
of tba velocity of etacapo, gaase diaaipaLo into apwoe miber rapidly^ For tbeimluciti^ cf aaoapit, rm p, Tim 

QUAUtK,—The energy oomponeut of an (' oxcitDdp^ ace b^ow) atom is atored Up in (prrpnlaiiy) 'eUfTf^y-Atuniei^ which cannot 
he aub^dirided. Each of tbene ia Inmwn aa a {plurali. quanta)^ and repircantB eneigy equivatsnC tP that nf radiation of 

auma particulnr wavfr-loagth, quanta of long wave-l^gtb having small, those of abort wave-langth graat, eiHsr|;y. (iS4ort and 
warB-Iengtk, as general tomu^ denote tboMi at Hnd beyoud the blue and rod ends of tbe spwtrmni rewpoctivcly). 

Tbare aw quanta oorwapemdinf to all wavo-^lengUut olMnoat having Lta own portiailar qoauta of ouergy^ oomaponding 
to those wave-^lengtba of radiation whiofa lta atoms emit cyr absorb undor dlElimant oonditwna : only quanta with nearly thoMi wave- 
Itmgtha Qon wlfeot' tranaltioiw' in that Idod nf atonic but tboag of aborter wavn-lpogth may ' inciae' iho atom—knnek oiT one 
tsT moTB of its Blnttrona (see bekiw). The amount of short wave-length enei^ in a gas dependE on its ahanlute tBrnperabum; thn^ 
at bigh temporaturea, abort wave-longth quanta ore moie plantildl than long enea To aum up; in a stHllar atmuph««;— 
TempEratofo ia an rndm of ^a) tbe numbsr of atemio ooUuiioui per aeoend, for a given presaqra r {t) ibe apeed 
of the atoma; (p) the violenm df tho ooUiBiona; (d) chd pruportEon of abort wave-length energy* 

Preeaure nuly affecta the Ibequenoy of the ecdluiDna, by moxoaemg or dccreaakig the diatanoe betwem tbe atoma, 
Tpanjltloni.—Wheu all tbe dutfona of a neutral atom are revolving in tbn orbita Dunwt the nudeoa, the atom ia aaM to 
b« b lta loaaat of yroand £ liOjrmal} atate, Bui (e)by a luffiriently violofit ooUvden with an eloatran nr anoLhcf aEciUp or (B) by 
enooimter with, and aiiaorptiuu of, a qtianium of energy* of waTe-lecigtb the same aa one of ita own bmrdamontal quanta^ an 
atom may undergo innuLtunii, being ' raisod' of liAcd to a ' bigbuT lovelilf,, of uisigy, and j^orn that, it may be, bo etlH higher 
and bLgber levelOi the deirtran being forced out into an orbit nf larger dlaindbeur, in acoonfaDoe with certun laws, Forbidiim 
itantUvHtM are thoaa forVodden by thoM Umj, tbongb they may oocur In oertatn tmusual Baqunncee Of ittpa, 

ExcltAtJoQ.—^At eveiy tranaition of an elaetjon to s targar orhit, aquantmn of dnbciita wave-length la abeorbed by the ateoit 
wMcih ia thou aaid to be asx^ad : h thiw boenmes a greater and gmater raaervoir of energy ae tfac eiaitatioD {ncre&eea i whatever 
the amount of nidtatiou, hnweimr, it atill Muuaina a ‘ neutral ^ atom. 

If lufi nndiaturbed, an eioited atom 'MLa' bock to itu Idweat eutsgy alato in a hondml-millionth of a eecond, emitting 
ia tbs piuocas aa unmy quanta of tbs Eumn wave-lengtha as it has absorbed ; tbe may ba acifiolupliabed in atagen. 

Oertaia trauahioM, hewnver, arO osrfaimB/#—-that ki if Isil to themselVEa, uxolted atoms in that etetn may odntinua in. U 
ikr huiHlretisi of thoiuands of times longer than ondiiiary oidted atenae are able to dn, Bomotimes even for BDDDDda. 

iDiilSfttlOEL.—An blcntnm of a noutraJ. atom may not only be raiiwd to a larger orbit, but may also be completely knocked; 
ufl^ ami left to travel on its own aeeounb; tbn atum ia tben and k no longer neutral, bat poaitivily charged, tbe ne^tjvu 

el^tjwn beiiif lest. loDieatieu may be naueed (d) by a auffioieutly viulflc t ooUklon ; (b) by enounxvtw with a quantum nf short 
wavn-lnogth, with more than an^ciout energy to Ufl an ^ectroq to tbe Duteruiuet laveL loiilsed atoEue may ako he nxeitod, 
Atntna may bfi aingly, dcuiiEy, trebly, An., ioniaad. The nautral atem k Eudjeated by tbe Dbemical aytnbol of tbe ukinmit 
with the Itoinaa nutncrol I affixed, aa fli*, neutral oiygCiij: for singly and doubly lonkcd, Jl, in, am added, and so od, os fl tu. 

An -fiSiisr s|riteia affixed a small ^ for tliujis LgolHlUiiii for diMibls, sed aa on, teatEail of Iktinui muDersli, se 0+'*'; 
sbnt liiriJiAF bocA tba alams caavmg; anbaaoad LLosa wore kDowe ai protecalcEaai, prFctcmaRUvaivm, Ac. 

Atoma vary in the amount of cuorgy required to oxelte Aod ioniaa chnm, and the amount of energy dimotnd by 1 (eleotroci-) 
vnltt ia taken aa the unit uf meeauremant. The umulwj^ of (alnctron-} voltn required te «xcib% ^ te ionuia, the atom of each 
elecnont, ia col led its Effitaiidn aiul the latter, of ooiuiee, boing greator than the former (aea Tables p. ici^ 

* Xjuja sapilobi sj;<a i4ib bhhI, bat tits siuaiJ capLuk an mtub oLaaiw. +&NiMwbBt dlETarant UHamlvig’ frna tbs sidlaaiy vvlL 
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Tlie llftS9 of Uie Atoifir or atomik c4DMis(i &liuoit eotirel/ of ill e inM« of tho tmelm Hi, And rmrtgvw ^th tliat of th^ 

hjdrogan Btoai (fe^^iTox. 1 WDi ^ arKbiiun Atom 4[tbii' irteh<lw*d j* dkjrg^, l i). Gciti«mll}r^ but not aIwjlja, 

the vdjjbt of the atom tncinsaaM HI tht AtximEd no^bef, B«TienJ flleHMots hiaj uiot luring hdoofciti&l Atomic btimbiWA, liuG 
diflcTiug in mASA (Atomic wpj^be). Siwb ctdinautA^ irbicb iro cbemically idanticAl^ are ciilcd Tbmi, rn iDPtiinait 7 

cammojj tAlt, ibo cbEt3n±M (Atoknio n'KinWr LTJ Cohniiltd of* nlxtUfC of two iwtojM* of T»)bi*04 (or *tomtO 35 And 3-7, 

wtiiilc liTdrojgttCL M tirDTmailj found oontainn trAC^ of au idotopo of m&« S (dciui«rium or Kcotj bjfdropn, trymbol H}, 

Rliys,—Tbo bsArloat elameatA and tbeir uotopsa^ Atkd Bdinib of t^c tMCtopea of ihc lighter ftlcuirntA, oro ibAt i« 

to B^y, thfifir phoIibI brook up ii|wiit*i]euuAlyi into other nudni and partidM, Mume of whlcli (etBctranH or ^ helilim oticlej or 
m. tAjA) may be ejected at very hJgfa ipeeda—wboo raetmti and moat peaetrAting, being known am Aurd rayi; wljfoii dowEir, Mifi mjn. 
They Also give out etBctpo-mAgnetic ndi*ti(»iN„ atled r r*ya» wbioh Teaembl# X-nyir but Areof hordcr (iL*^ ihorter) wAvie-lpngih. 

When AH o i»j (a rapidlj-inovitig heUitm cnoltiu) etrikea wnother nucleuA it mAy »ui» it to br*^ up into lightor iiuoieL 
In thw ohAngee^ tiocliAr;^ audoi of mAne 1 (nOKbidiuh Atul pArtlclni of «xtit*mo]yaxnAlI iuam (it#iiirruH»y, AToecmintimca emitted 
ttboy CAD be detected only when making At high apoeda, And toiog amall Add unebArgod hAve great penetrEting power^ 

CoRmie rAdlatioOt itfriinilB fpcwn nnknown AonrDea b apuwe, may oDmiijrt edthorof very high apeed 'oethode' w p ray a (mtH.-ng 
electrona) Of of oiactM-mAgdetiiS fodiatioil of OTTO ahorter WAVO-Iength thAH y rayi* Tbia radiatinni atribiog Atoma, may givA rwe 
to mpidly-miiring jMoitwie, aimihu- to electron* but OAnylng * poaitiTa inatoad of a nogatiTiB ohftTfe of el«trioitj. 

The Mlniriog Table abowe tb* relationBfaip cf Homo of the lighter cliArged ponJcIa* aisd Atoms (tbe mMS ruw* with the epeed^ 
iomulng enormonALy as the opoed approachoa that of Itgbt). The third oolaEOQ gieeA in idee of tbe bulk of the {lArtido—fur 
thn toOM the Atom is kmiwd fp ^), the 1*™ is it* buUc, eapedlAlly when oompletely ioniatsL 
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Soti of y nee.—Eftch at*te of the Atom flwe fIn to « difiarrot sot of line* in the apootram, tba noutraJ Atom canaing nne not, 
e ad t o d Atomi otbar seto* and varioulilydoniaBd atoms otbore etill; jiT«iiWT» olao alTecta the appaaTAnceof the bneo. And in etelltf 
afcmoophere* of edmilar oompoeitinnj for a gi-ran temperature and prtwaaTe there ia always definite pcopottioii vi atom* in web state. 

The atiTOgth of a liM i* preportiooAl to the mnnbcir of Atoms producing it; atroni; linea indicate plentliU atom* In that 
eonditioq, faint lines relatiTo ecaruity. Strong lima nauaily have Ifrw^^*— ia, ahading oo both «d<a of the f^or*, or Ime itasif. 

ContOUIG of Unas.—The d^^gr™ of blackueMAt any part of tbeebsiibg of * vingod Uni^ with Mfensoee to the baofcgpoundt 
i* known AS the Comow trf the line at that point—ee c*ll«d becauM the enwgy-tran™ obtaioed by plotting the varioiu intrositlos 
AooordLng tti wATO-tonsth and bUcknem, is analogomi to tbs pEmdimat-curTe obtained from the cootonr tii™ m * map. 

Eah^need UtiftS, m a epactrtim, are due tn the fjormal atoms beoomiag ioniiKsi. losing one or more eloctronii m the com- 
bmad ruqlt of high W tempomtiira akd Altered praniirS {Saha each elomsnt baa its own ioaisatioQ oonditiobA, tbna Che 

prusenod (or non-proaeuw) of eertaio linm in stcllAT #pw&* afford* a due to the physical «mditlofis in the atAre' atmaepherca, 

FOTbUdel] Line* am ptndiiuod by poaalhK blit tety unlikely, ■tnuiaiiluii*' (see pag* ™ the aiom^ whiob cyumot 
directly return to the gronnd atatfti but only through other traoaitiuEiB { AO eJartric fioldj boweeer, cancel* the nnliketinme, and 
with a field nf unffleient strength the Hues becom* rtilhle. Tlia AppeormoGO of ferbiddon bncH in a star's *tmoaphor* bodicatei 
that ii is ileiMWi, tba electrlfl field heitiB dtie to the dewo Ionised atoms Artd fiee rfeetrons, but in a nobula they became possible as 
the result of the ertremo tenalty—anrae l/l(K}i!bmI]liDnih of an atmosphere—aiui ^w«di' (if., not too Btrong) radittion of 
Tuny higb audh aa the abort W*T«-tength radiation From O and E si*™. 

Ultimate yiies.~Thr»e fnnHamonul lines of *n olemunt that aftme perulst undergruftt rsrefaotioQ, When about tberegiun 
of Uia ap^tnim which ouinnt ordinarily be obitrvedf those that can l» otsaerved are known a* 


fntarpretatlDn of Speotm — At very low piwisurw, m in theOiant atars (p, S0>, for a pren temperature the wsve-tongth, 
energy ATailahle ie the eamo, and theTiotaon of oollision the tamo, a* in dense etar*; excited and ionlaad aUims an also pnwent 
Ln both But when an atom ii iooleed, the diatance* apart id a raftdied gA* being BT«^ there is te«* clianoe of iu nwapluring an 
eloetreni *a that the proportion of bmised atoms is greater, and that of the tteutral atom* lose [ the Oiant star will, therafnre, 
haT* Btrongur ionised-atoin lioea and waakor neutTAj-Atom linea, than thoee In the spoctmm of * dense star of about the Bams 
temperature} at* lines will also be narmw and sharp—the ^o' n|iaracted*tia (p, l»J, In dense star*, on the other Ijjwnd, distance* 
apart being snuilh iontsed atJlimfl fkkvu iisoapcuTt! an otoctnio,, thus the iH-utrat-atom line* are atrong, the ioalfied-Ataai linos faint 
At the low tomponiture of Ihe fnmiw^ ■poctnim, the lious of the eieited afcnma are laiDt (being chiefly those of the moim. 
tsseilj fiicltod olcmouta)^ while thoes of the normal ( bwmt KnmgyHjtatel atom* *to etrnng, tbu prupoftkiu of tbe latter atom* being 
ihfl greateat WiUl rising tamponituro, owing lo tbe more TioTent oolliaions and the greater supply of ahort ware-lBogth qaanta, tbe 
eioilod-alom IId« gww ttmmger, owing to the oroivSnareaaing quantity of atoms in that TOadhinn, and at kat, at the are s|^)ectmra 
mmpcHvture, iooked linw of the saaily-kmlBBd olemont* ahw begin to appwki^Htome even Appear in tbe fumacs speotrum. 

At a later atage, tho ftflutral-Atom lii™ disappear, thoee of the ewfilj.innieed atoms firsl, the more reFrectery lAter. Thus tho 
ofiark (Vowur temperahire) spectrum has faint nnntraJ linos and strong enhanced nrioniaed bhusa, l^ecstuetoniBed atoms hnw pmpmi- 
dfirate e fhint lln« of the atema moot eeelly dcmhly-ioniiiodl will alao begin to Appear in tho Inwor-temporntnra spark apoctriim. 

At atm higher temperotarBa, tho lonuted liu« also dkapi™, being gradually replAcad by the Itnos of doubly and trebly 
innked atom*, Aud finally. At the hEghost obdunabte *park teroperatiira,, and the still higbw temperAturo of tho 0 atere, hanOy 
any lines ors loft in the vialble spectrum excopc thoM ef hydrogen and iouisod holinm—the kcter of whldh ha* a very higb ion- 
tsation potential, Linos of othw elomente, bowsFar, exist, bat mostly In ‘inaeewsiiblB' (miDhacrrablo) pcwitiotiiB In ths ultra-Tinkt 
PlAnotary and Claeoans Nebuln^ on the othor band, In whiob the distancoa between tho atoms k snormmis, do not shine 
by their own light, hot by absorption and r«.4miiHioo nf abort w*F«.lengthi radiatiofi of 0 and, B stara within them t they ■»» tain 
Atom* whieb an doublj and singly lonkod. 
f 
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V. THE SUN, MOON, AND PLANETS. 

Thu Sun. u IE objsct for ■nuli tolsscopoa, il of littlo totsrwt qnliiM auniFoti •« ™bl«: ijiBeiil praeMtioM 

m|nLr«cl in olicerviDg it rq not ta liii|itT6 tbe ^^ougbi {se* p. 40). 

Tli* disc at tihs San Ttaible an ordbiuj oecaHionSt Icnowu bs tho presanta » gr*aulBT of ‘^rice-g«in 

Bppe 4 fiinc* in lirgfl talewtipM, Evm in * emM initnsmiot of 3 or 3 inctoi ipertnre, the will show »TMottled 

nppeALranee, when th» iir ia alaady ind definiltoD eood ; but tbla mottling ii of * eoftrier t&Mture than tli*t delicat* 
graniilsr uppaftTnnos awn under higher pow*™ with large inmtrtfnenti. rneulm, t.a., irrsgulftr, mnr* or lew atreaky 
patchcfli, BODiowhat brighter thjm the averige iurfaw^ may genermtly he wen. They eleTatbni above the general 
level of the phetoaphere, and eaiit on every part of the dii% bnt are tnoit nunemiu in the nsighbonrhoott of inn- 
ipota They are best mah near the Limb or edge of the disa^ linre the photoiphera in thia regiofi it pereeptiblj darker 
than at the centre of ths difts, having ooly *omti 37 per cent of the brill ianoy, according to BnkepLng. Thia £i due to the 
absorption by the Sun’i atmoiphere n£ the light eOming from witbim whieb hai to traveree a inttch gnater depth of 
atmosphere at the Uiub^ before reiohlHg the Earth, than that aoming from the centre; it therefore appeare darker to 
contraited with the Iwul*, which have not lost m much light owing to their greater elevation. The tUrkening ia 
■pecially noticeable in lolar photogrepba. 

The Sim^s ftolatloa maybe trewd by the daily motion of the vpotii aartMi thn dire from wat to west, the ^lynodio* 
apparent rebarioD period, ai aeen from the Earth, averaging 27 J dayi t apotii may thui be virihla for about a fortnight 
at a tima. The lidereal or tmo rotation period ii aboat 35 day* near the Equator, and 37 days at 3S* j the lyttodjo 
rotation period, at theee latitudeB, variiSi in a^at the eame proportion* The mean eidere&l rotation period at present 
Died in the JTd* and i* 25 S5 dayi (37'3753d. synodic), but a 3G-2-day lidereal period, 37-1 lynodie, !e pftrhn^ 
nearer the tnio value, fcwing that favoured in the rrenirenw of iunipotii, facut®. doccnli, prominnheea, and magnettc 
•torms. The Sun’s aii» of rotation is inclined 7J' from tlie vortical to the Eeliptws plans (*ee p.40). 

Carringtaa'a Siiriei of Eotatinna (85-36 day), mwd for rtatiatjea, has as Miro mBridSan the Stui'i prime meridian that pawf 
through the aJi^ding node at Oh,, G,C.T,, J*a. 1, 1654 ; Nmt Itcgmn Nov. 0* im ; itm, ISm Ja(i,8’T4 {I7h. 46m)* 
SoUBpots vary in sire from amalS -porw,'« the imiaLlBst are termed, to gioupi w large as to be visible to the naked 
aye, oq eocasien. A iumipat preunti the appEaranoe of a dark irregular ipot, or iurrounded by a Iws dark 

portion, Of ^Hmuwv&ro ; the lun^m, however, ia only apparently dark by eompariBon with ita aurroondings, being aelually 
brighter than the electrio arc, though iti darkest portion^ the niicfsTM, has nnly about 1 per cent of the brightnRe* of 
the avemge snrbusai very black, round ipota, known m are often aeon in the umbra. Bridgat from the 

photofipbere, of tap Inteniely bright, may frequently be wen gradually oaerMchiog no and dividing up the penumbra 
and umbra; in largo spots, thoe can easily be Been with a 3-inch telescope, or even leaa. The riro of vpoU varies from 
about 500 milM to Bomo&0,000 milre in diameter. Tho#e over 15,000 mile* are SpttM, visible without a 

tolsreopii^ when the Siin'a hrightneu is suMoiontly reduced by cloud, mill, or dark |laii. The dianieier of the spot, 
including the pepambra, may uimanj be roughly reckoned as being three timoa the diameter of the umbra* 

The uinhra ie umiatly some 3000 tp 5000 mdee lower than tho genorel surface, which reiulta in the WUsm 
the apparent displacemeDt of the umbra ai a spot approaches the limbL On rare Msasiona, when of unusual sbe and 
depth, a spot is visible as a small notch on the Son's edge when just coming ini* or gding Out of view, 

SnnspoU are never teen at the Suii'a poles, and rarely within a* of the equator. They Mour rnflinly in two 
EOD.es between 10* and 30* of N. and S. aolar latitude. Spots in 45'-50' are care, and no spot has y#t been rsoordod 
beyond 60*. aunsporii have magnetic fleEds, and the polarity, + or - , cf the 'preweding' or foremDst irpotu of a group 
is uppoaiio iti the 57. and S* hemUphe res—which hemispheres may diabr very oonsidemblj Ln their spothjdneas. 

Tho Stmapot PeritxL—The spottedness waios and wanes, a maiimum being reached about every 11-1 to IMS 
yean, on the averegO, bat there is no definite period, interrals between madma having varied from TJ to years j 
the apparent ll-year cycle, however, ii really a half^clo, for the Bpot-polarity ebangea after every minimum* 

The riae to masimuta ia usually mor# rapid than the fall, taking about 4^ yean ; minimum spottedDOM i* res-ched 
about H years later, whoa no spot may be visible for weeka Large spots may appear at any part of the cycle. 

S™rBi*'S Law states that the two apot-rone* simpltanBOdsly move slowly from high N. and 3. latitudes towards 
the eo^r. bearing minimum-the end of each balf-cyclo^tbe ipot-ioiiM are near the equator; the new halt 
oycle begins when spot* of opposite polarity break out in high latitudes, some time before the actual nummum is 
reached, and two or three years elapse before old rone spots finally disappear. The new ipol>Eone« gradually decrease 
in latitude, tnl, at the end of elevtn yoan. they, in their turn, arrive near the equator j high-latitude ipote of oppomto 
polarity then appear, bera-ldlng the beginning of the «cond half of the cycle, 

Thu variation of latitude is shown in a striking manner by plotting the apots of a cydo according to date and 
latitude, From its abspe, this is known m a Diagrttm, 

flpeti Bvt vu ttus M&tr* irt, *f oanjva, Ktntlr lowtiimlewd *bm aear tb* ttsiik 
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Stmapota and Magnetic Storms. —Tlie curvwol vanipot of bemnLrtbl mi^etio uad (on 

tii4 wbolo) ol mmnBi olowlj o(?ijQciiiio, indiwtlng whiq inUmite ooAAOction not yel vbolly evplAin^d. A InrgQ ipoi 
iJiA osntra of the diao ofUiiL eoinoLdei with it^ nnLgnetio Atorm^ bat nut nlv». 7 l, nnd On tho othar bind the return 
of » oertain mtok. to the oentre of the diu! BOuaotimH oaueet a magoutpic aborm, though no ipot m Tiaibte. 

WoLTa Sunspot Numbera the reUtuTe ^aunapot lotivUy' for any jes-r, bawd on the numbor bo^ of 
gToapB uid of iDdiTidtiil ipota—tho riste of telewopa uiodf ind theobwrTor, being takcm Uito locountu The number*, vary 
from 0 to about 150 at the highoftt maxituum^ and they hafine hooR oalauLaiod bank to IflLO (iiee Memoin R.A.&., vohiS), 
A aueepot namber of 100 U et^uivalent to a aampoti area of about 1/aOOth of the Tiaible dUe. 

glowing rad gu wlikh rbe lUl roond the Sun^i 'limV or edge 
from the cAromotpiAare, a bright aoarlet, inegulM ring of lights aome 5'" to Ih** in depth at difbrant timca, *«en only 
during total ecU[He% or by ueani of a ■pectroacupe attadhud to the taleaeope (we p. 40). rewrnny taifer if 

a tbin etratom of gu whi^ ii reffponaible for the dark linei In the lolar apeotmaij ahiorbing cerUin portion* of the 
bright light from the layers beneath^ and reversing them Into dark linea In aolir ecEpwa, juat hefura the Sun dii- 
appears, it ihoTi the buiHi bright instead of dark—a phenomenon known w tb»,/fasA speefriHm 

i^ti!diTMn£i are long dark prumlnoocea wen in projection on the Sun'* diso, Motionjornu are apparent flUioenti 
over a lun-ipot, hut in reality only diitortionf of the hydrogen (C) line caused by high radial motion. 

FIoOCI^It *e 0 a or photographed by the spootro-heliograph, in one particiilar waTs^length of light (uaually that 
of ealeinm, sumetbuM hydrogen), are *mx11 irregular elOud* of either of theu elements, which are wen all over the 
disc, and shew the distribution of the element over it. Tliera are both bright aad dark dooouli; the Latter may take 
the form of long dark wisps. The Sotar Sbmuu, or J?«eau is au ae yet unexplained blurting or 

tarximua of the aodar graiiuiai4oo i it is not known whether it I* of solar or termtial origin. (* Eesoau' also means 
the network of squares ruled on oelsstial photographs far nueasuring purpoaea). 

Tlie Corona, eiso seen only during total eclipsot, is a mysterious, irragular, pearly ring of light ■nrronnding the 
Sun. It is mover quite the same, ei^ar in shape or extemk in suecasaLre eoUpses, and appears to bo partly gaseous, and 
partly meteoric, for it shinos partly by reflected sunUght. It varies with the 11 year period of the Sun's aotivity, 
being more or less regularly distributed round the Sun at sun-spot muimum, while at wn-apot minimim there are 
large streamers, aaveral degress long, near the Sun's equator, with tufts or plnuiea of light near his poles. Its biighb 
ness varies, being at timee uneomlortabEy bright, nearest the Sun, without a dark glass, espcoially when the Sun's and 
Moon’s diiMneEar* mt* nearly the mass, but on the average sftcms rather less bright than the Full Moon. Th* Coruna 
ipeotrum has a uhanuBteristk green line (A,530l) dua to oxygen, onoe ascribod to an unknown element *oiiironinni 

Bally'9 Bcaxls are aDmetimes won for an instant before totality—a breaking-up of the thin dlsappoarinf uresoent 
of the Sun into a wriei of bright luoring pointa, like a string of ihiniug beoda* Then, u totality begins, the prom- 
Lnenoats and corona appear until the Sun begins to emerge again j lOmatiiiMM, however, they appear jujit before totality. 

^Aadote BttJvU another aoUpte phenomenon, are alternate light and dark bands, a few inehes broad and 

1 to 3 feet apart, that appear un white surfacea for an instant as totality begins: probably doe to IrreguJar refraction. 

The Sun's Magnetic Poles are about 6' away (but perhaps this varies) fmra bis rotation poles j they rotate 
in 31^33 days (314 74), and were on the Snn'i sentral meridian on Sflth Jnne 1914, 


The Snn'9 Temperaturtt, that of a dwarf OO itaTt is about €000*K. (10,000'F.) near ^e surface. The iSbiar 
Coiu^ti4, the amount of heat Twjeived by the Earth (on entering the atmoaphere) from the vertical Sun, is 1 ^93 gram- 
oaloriai per minute on ewh squaro centimetre ; variations of one to flvu par cent tsem to ocenr from day to day. The 
tamperstu re of annspots is about 4800*K—lOOO'O (1000^ P.) !«■ than that of the general mirface. 

Salar Motion*—The Mar Apse, or Apst of tAs Sv^'m ITay, is the point on the stat sphere towards which the 
Sun is travellliig with a velocity believed to be about 19 6 kilometres (13-1 miles) per second. The poaitiDn of the 
Apex is asesrEa-inod from atody of proper motioas, or radial velodtieB, but determination* differ, often by many degrees, 
diflerstit seta of atara giving Tnrying reaultii. Xn the mOiin, howevur, there La agrsement sa to the gencml direction of 
the Apex bring lu Hsrculea or Lyra, about II.A., 18 hr*,, Dec. 34'K, (or, ae usually xtatod in degrees, KA., 370*, 

Dec. 34* N.). The Solar Antapm i* the point diarostricnlly oppoalto on the star spbere, ILA. 6 hra. Dude. 84' S. 

Mena Dally Spotted Area of the Sun in millionths cf the visibts hnmlspbGrs (projectadl arsa, oometed for ran>sbort«nLii|), 
Vw*— iQta ifi9 t^zt 19x2 19x3 19x4 1935 1990 1997 193S 1919 1930 193E 1933 1933 1934 193s 1930 1937 T93ja 

Ar«*. ... Ills 1069 ei9 490 95S &S 570 B30 llC9 lO&S 13W 1249 frlB a7S 103 B& lltf ei4 lUl 3074 BOlfl 

/fi‘ jor i£Hi' ** «!' »i' ^ ^ *' *h' *h~ 


Sunspot Mftxima and HLnlma (apprex.; -I-, mlarity of N. *nro«diog ' spot*. 
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THE MOON 

GenSfal Notfla-—Tha Moon ii th# moat ictcrestm^ all the haaTanljr bodiafi f&r ■ amall tfikuMipfl. Tn nti opar*- 
gtua tliti dark partioDi rinbla to tba ttaked aja ara aean to b« tb* EiuooLkor porticmE ot th.* Moon’s aurffti^o j Sb? re¬ 
mainder of tbeaurfaoe is m tnua of eratera oE svery aLiw, froM some of vhjdi brjlUAnt: ^hitoatmltsTadiata for a ^roat 
diatanoei Tbo most striking ^i«va an obtaiaabto wban it ia about its firati or taat f|uarter, wben the lauar 
mcmntBina near the («T»in4.6or {or bouodarj botireea the bright and dark portions)^ out long dark ihadowi which 
gira a Ena efioct of oontnut with the bright lundEt parte. At the idme of fi;L]] Moon this cantraat ia lost, though tbs 
■jstema of ro^j or bright etraaks are then meet ui eTidence^ and an iatoreating field of stody ii Uie total, or nearij 
total, disappearaace of procoincut objeata (fl.^.,Maginus)for £or days bF^fote and aftor while othen (tiotahly 

tbe qratore, properly as (tailed, se« p. 30) oan atilL b« located by reason of their being brighter than tboir lurroundingi^ 
This diuppearanea la Tory notioeable in formAtioni trat^ereed by the rays or itreak*, u in the S, W. portion of the 
Mpqn^ A bw power ahonld be used at first, for a general riew of the diso. {See oote on ■Obaerriog the Moon/ p. 

The Moon al^'aya prsaentx the aame aide to the ^artb, ao that one side af the Moon ia never aeon at all. Owing, 
however, to what ia termed the Moon’a li&rdlisn, ar apparent awayibg, duo to the indinatisn of ite axis to itH orbit, 
and to (}tber oauaes, we sometintH lee a little more on one aide or another, so that altogether about ua-tentha of the 
■nrfmee ia visible at one time or aoother. A full desoriptioo of the Mosn la i^uite beyond the scope of the present wor^ 
and the eriginsf works doHn'iblng the fBatTi.naon the Mwm'B aiirfsqe, euch m Numyth's^ KelHm''ii, Ooedsere’a and Ihsotor'e 
JfMfl:, are now out of print. Current worka mw A'mised Awoor F^ormottoitj (Mailer and Bls|^ and Wilktna and Modte^i Jfap 
lAe J/boik 

Laear the darker and amoother portiona or the nirfaoe, were auppoud by the early taleecoplata to h* 

SHU—which they much resemble undor very low powers—and wore nainod accordingly. More porfeoti instrumeoli, 
however, Twealed that the atappuiiod aeaa were aimpty vut plaina, by oo muus level, or asnootb, poeaibly nnee tiie 
bottom of lonar ocuju. 

X^imar mooMJaito vofiyet and peaks are much higher in pioportiod to the moafi’’a diameter than terrestrial rangoa 
vrw to the oartb'i diameter, suiedb of them atteialng a height of about five mileei Tb e OKMi wtiipicQQiM range la 
TAe d/jeTminas, in the northern hexmephem of the cnood, which liiei like a wall fmtn the Jlmrt Imirium. It is ahoat 
GOO mike long, ajid Lta highest peaks attain a height of 3} siiiee—the hmgbts being found by meaiareamnta of their 
long sharp shadows, nearly 100 miloi loog. 

1^ 11 hu ernbrtf which arsauch a prominent featqra in ttrnar landsoapce, are of all aises from a hoDdred and fifty 
miles in diameter downwaniH, Craters often have one or more conitsal peaks within th* crater walls, oS. which 
FpeAn and (rosiemit are ine exjunplsj the largest with a fairly level bottom, and oftrn no central peak, and with 
lower bnanding walls than the craters proper, are called pi^m, of which Pkac is the best eumplo. The 

intsrioiw of the craters are nsuallj ](»wer than the snrlaoe ontside, but sometimes the reverse im the case. Frequently 
an old crater will be area that has been broken into by a later on#. 

Lunar rihs am deep, winding, narrow valJoya, rDOninbliiig the bed of a (Med up stream. Lnnar <1^ appear lUt® 
eracki on the smoother portioai of the surface. It ia dlScult to roaliie that these hairlike markings are sometuiMW 
fifty or • hundred inilai long and op to tmlei Ln width. The gnuater nnmber of ctefts are tn be letm only in pretty 
powerful tetasaopu. Fatdlt an dosed cracks In the moon's surface, and are Duzneroas. They are viaibln owing to 
the surface on one side cl them being higher than that on the other. 

Lunar rays are the bright streaks which radiate from Bomo of the prinoipal oraters. UnUko other lunar features, 
they are beat saeo about the time of full moon. The finest system of rays radiates from the gtest crater TVcAo, in 
the southora In tiar hembphem Tbe itraagCBt foeturc c| these nyu is that they art everywhers on tbc ssma level aiv 
the rtet of the surface, and traverae unbroken both crater walk, valleys, and seas. No fully ntislactory explinatior 
of tholr nature luu yet been given. 

Position AngflfiOf the Moon's Axis- —This sways soma 25* on each ride of the hoor-eirole every month, the ex 
tremes being when berB.A. is about 0 bn. and 12 hm., t.c., when enwsing the oclaatial E^q^ator: it ia about sum when 
her U.A. U 6 brs, and 18 hra» Tbo amount ia given in the ' Moon's Physical Ephcmaris * in the AW^ienf dfmanao. 

QbJe&tS near the Limb- Tbess near the N. lonar pole are best situated for observation whoa the Moon hu 
Its greatest sooth latitude {about 5'), and euMu^rsisfor the S. pole ; those near the weat Limb, when the Moon% actual 
luai,dtude U B. n£ (ilt., greater than), and these near the east limb when it is of (s-ajJianf than) the mean Langitnde. 
The dates when any object nsav the limb will be nfareBt thecSntvQ, and thus most favou rabty ritoated for ubservatinn, 
can be ascartained from the jViruficdl Almatuu, by finding the time* when the favonvable libration in latitude^pL 23) 
Is about G\ and that in langitude about T'c the Mooii, bowover, may be below the horison, or the phase unsuitahlB, 
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EIFscts of LJbfiQ.tlOil- At eA^ali rvcmrnngphua, though ihs poutloitA Kitd Itmgthji of the thudi^wi thcmBelTM b^ve 
Oot uhengei fifaitljt (lumr 'auiouar ehungod being imuH, OTing to the tidkll inclinfctjdft of tbt Ittiuu w^ofttor » the 
Ecliptln, the Mooa^* Utitude end longitnde^ hete altered. Libraticn bu onue into pky^ and wb Ti*ir the object 
and tte ^haJuv from a differanb poeittoii ihan fomerljp tlta irmriation anio-uatuig At iti nuximuin to ovcf 20 *i through 
the oomblned uffisct of the dinplndaiuaiit in latitude end longitude, Eioept at rare intervali, therefore, we do eot 
ohierve objeeti under anything tike the uma ooeidittDaa When viewing the Moon, it should a|eo be remembaped. tliat 
it la aoly near the eantre of the diae that we lee objcota in their true form and duueniiom, ai eaob object ii more and 


more foreaburtenedl the further it ii away from tba can tie, and, on the limb, if leen oniy in proftie. 

The libraticm on any evening oan be found from tb# JCuuSitid Almaniu in the ‘Moon^a Phyvirail Ephemerii,' 
iKiInmoj Earth^s " Selaoograpbic Lat. and Long/ Whan the libration in longltnde ie , the mean oentce of the diie ii 
diaplaoed to the E., t.a, the Mam Criaium ia furtheet from the limb. When the libratioa u , the mean iwntre ii 
duplaoed to the W., and the Mare Criaimm appreachea the limb. Similarfy^ whan the libration in latitude ii +, the 
UMin centre i» displioed to tb* 3,, Plata is furthest from the limb, and vi« Mr#o, for 

fiflst Aliltuda CondfLtoa&.—For any given age of the Mocm, there ii a certain date in the year about whioh 
more Eivourable altitude oonditions obtain than at any other tune, though It ii modified to lome eatent by the Meon'e 
ckangei in Utitndo. Thb li dne to the fact that the Moon'i average path ooinaldes with the Eehptio, «q that on 
any given day, her altitude abore anobacrver'i horiaun at oulminaUDO, will, on the average, be exactly the lame as that 
of the Sun at nocn on the date when he haa limilar The falkwlng Table indicAtea approximately the moat 

favourable dales for observing the principal phmea ; (S. Hemispherej trampoie April, Oct, 3 and July, JTan.):— 


K, HemUphoret— [ Moon S-4 days otd. 
M(»t /'d1^ourd61^ End of April 
Itwt „ I „ October 


Pint Quarter. 

Vemml Eqaiuox I 

Autumnal \ 


Full 

Winter Solstice 
SujnmBr „ 


Lut Quarter. | 
Autumnal Eouinox 
VemaJ. „ I 


35 26 day*. 
End of J oly 
„ January 


The Positian of tbo TorttllOAtor cn the Moon'a equator, eorretponding to various ages, can be approximatety 
aioerttined by meana of the scale below the Map of the Moon on p, 3L It can bo obtained more exactly from the 
'M-Oon'i Phyaioal EphemeriB,' *Sun't co-longitude^ eolumn, ia the A'auiieol ^fiFionnc (ia oonJunction with ■ lunar 
abart haring BOlonographio latituds and longitude liuea), by using the following rule:— 

4^'i r>-fi»fHjV4u4f. J'rmi— jPwifiini vf 3'rt‘Mleflfar. 

O' to 90', tbe Sfurta In tho Table give ,,, the Umiinatcr’s ioii|ttudD&orth»(witia| meridian {Sun ridug). 

00 ' to 180 'h lubtraot the Sun'a co^loogit. Jrom 1£0': auaWDr» „ h h h 1 * » (^xin eetting). 

leo' to 470', fiubtraot l&O* from the Sun's oodoogih « — m h m ^ 1* n n (Sun seEting).. 

170* to 3i0O*, suhtjacr the Sun's iso’loogit. from 3450*. 1 , — ^ n e n {Snn rwingji 


EiepBtltlOIl of SAino Phase of illuniinatlou, ne&r the same honr, may be expeeied in about 2 and 15 knatioas, on 
the averoge, but there are variations—correspondieg with the lengtlu of difierun t luuacioiis, which vary to and fro 
botween 291 and £9} days. The mean lunation ta juit over 29j| days, hence, on the average, ia the second lunation 
eliDilar phase falls in daylight; la the third, it is boun lator in the evening than the first, and 10 on. 1 mean 
lunation —35^ 44* ; Slunatioas, 59^ 1^^; and IQ lunations, 442^ 23^ The mean interval from perigee to perigee. 

Of mean anomalistic pa rlod is 3 7'554S5 days, and does not reeor at the same phase till after 14 lunarions (abou 11 ■ 13 yru.). 
Of about 1|^ uiontha latar In the faMowlng year, so that ^moai favourable' ooDditiens gradually disappear fere period. 

LunAT NomSlielAtUPfr Lunar objects are generally referred to the or quarter of the djag, in wbloh 

they are found, numbered I to 17, aeon the map. The prindpal formations have nomoi of their own i other objects in 
the ueigbboorhood {also tiuisfl iiurids or on a crater)+ not separately named, are denoted the nearest crater name with 
a /^oman letter added, for oratejm ordepressiono, or a (jrsek letter, for peaka or elevations—capitals denoting ^mesaufvd'' 
points. Thus ' Aristotelss B' is quite dlffcrenti from 'Aristotoles,' being a small crater some 50 miles K. of the latter. 
Greek lettom are also used for rills^ in ooojunotion with the oratcr cames. 

Ea,rtlishtne, popularly known as ' tbe Old Moon in tbe Now Moon's arms,' is due to rays of light rsHeoted from 
the Earth on the Moon's dork dise. It la stronger in the morning wiih Old Moon than in the evening wilb Hew Moon, 
and its variations am worth aystematie study, os sm IndaM to the refteotive power of the Ejsrth's disc, which is lit up 
by the Sun. As the albedo of clouds is very high (p. riii), unnsnal brightness of Earthtbinn probably indicates that the 
sun-illumioated hem-isphero of tbe Earth is much cloudier thou nsnalj and ewe vfrta when Earthihlne is faint. Earthuhiae 
is best seen 3 to S day* after Few JIoor In the sprkg, or before Now Muem in the autuinn, especially if the Moon is nsar 
perigee at tbe time, its brightnoH then being greatest, Earththlae is also known an * lumiire andr^,’ or *<uU^ light,* 
A very narrow ring of silver-a^hlto light, quite distinct from Barthihiue, sad anriroling the whclc lunar disc, is 
oosaslotialiy visible for short poriodi when tbs Moon is within S Or 3 days of New, 
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Lonu' Craters Hre eliuuiA«I tif Kaifiao u ilaUawBt hut tb« oUwei nwirgfi grwiuill^r into ooe utotLi^j jumJ fisar ttn bap^n- 
Una rntber naixici bo ttnlMl 


Willed PIbiiih. (ip Jd Iiidu]|j dtiita. 4(blfi0 tnilen lilcA Plats. j aqrTpqndod bj a wnpicx rjpitwn uf 

wnJU: floor usujklty not icnU£±L lo^or tfiAn oytwda^ uid Mmj»atiTeIj 1 »tb 3 ^ twatral iaDUiiUk.iD oftem ibHuL Mootlj 
ia B. bemiapliQra, 

Riifl^ Moantmloi (nw in Tiui'ex), di*niL milM ^4-113 km,), Ii!k0 Rdmar^ WiUa Low And brokccL, pFobaUj rmned 
'trftllisd plAiutL 

Ring E^laina (r in IiidEiJt dLam. 30^ mtloa (33-97 btn.), lik® C^spitrnifm f comjMiM itbei minority of tho Tirger [quarcnitert 
KotadjimlArunci rognl»r liiAn WAlted pkd.tii; aingEopriiicipA) wall, genatmllj; naterBlofic flmaJt, interior itec^ »nd miuUj 
tOTTAoed. Floor iKsfcrfy tntush lower tbui ottbiid^ iitiil cotnpmmtiTeJy lovoi. Tho doepnit luiiMr furmiitiiia I# 

JittBina, rim SS^OOO foet (^000 motrra) ibqmo tins floor. In tha Boor Ei practlcolEy lord, witlh thn top of tbn waIL 

Crater PJaiqj, liam. l(bS0 milBa (lfi'35 lniL]L. Brightar^ and with gentler oatAiffe dop«i, iliu eralnra pjopnr. 

Cmteri proper (ff in ^nde^), diim. 5-16 milea (ft-Sd km,), [jko Bw^ CinulAT ; outer riopa stoaper^ bnt the iotwor fall" 
mom gnBudlf then in emtor ptaiDa Floor BmaU, with ' Tdouic’ code i wry bright near FnJL 

Crmtorlota, diAUL hmilea (flloiL) downward. Cretant in mtnCAture: marelj a convenieiot nub-diriHioik indicntlDg Torj 
amail entora. 


Crater Piu, or ' Pita,' dlatn. aa crmtarlata, but dp to 11 uiitu (IS km.). Yeqrr aballow dapreMicQ^ outaido alopa baw iTj 
parcwptible. diflw from emtar pita id banng no aigd of waJln whatorer, uid ma y ba man y milm n^ 

kiloixiBterw aoroM. 

Crmtor Ccrasi; St«p oodloal peaki^ dEAmoter |-3 imiBe (l-Ji km^ with nArrow oentml opaning, which ia my difficult 
to aecL Tbaj Appaar on mountaid ridgon, And os entar wmlle nod Aooray and am Tmy bright oear Full For fulltr 
dofaaila, Bse tbo referacce booki^ giwD OO ES- 


bimar ' YtUleys, The Sidoa Iridnm, with pWAi bozdaring cliRa, riaidg is paalm ovor 1^000 feat bigh^ ia ooe 

of tba linmt objacta on tbo Moon ; tt ia ba«it »eii when tba IiCddd im S or daya phL 

Of the ifollejfM, the Graal Alpi» YAliey la the moat notable. ftTcwt dx/tt or p££t, tJid /rmfb, am not Tiaible In AmAl! 
inAmmantA, but the Olsft of Hyginu^ And thAt of ArindiaqA ju»t W. of it, mo be iwa in a two-ineb tdaKope. The ^Stfmigbt 
■(TaI!,' flO tdlim long Add SOO foot high, ia a littla E. of Thebft. Pico ia a aolilAfy pmk on the Mare Imbridm. 

The Brlghtnoss of diflErent imlA of the Moon ia ao inteiretttine atudy j ft la rAEnjed In 'degreea^' rmogiog (ritm 1* the 
dafkaat—found in GrimAldJ And BiedolE—up to ICT, fmmd ia AriatArchdi, the brigbteal object la the ilooo * Piodtia ia H", 
Q‘‘ u black abadaw. Thp floor of Plate nndaT^goea corioiia ohAdgae id bri^tneai aa the Sqn'a Attitude iocoNkeea 

The KTTiag colimrA cf the Sou nuy alee ba atudled. The prevailing tint of the Maria {■ gtoy, mom or Ie» dark, Mam 
Crieiuid b«i>j tie darkcat (li"-3'), with a ting* of green. Tbo brightaet of the gr^ plAica ie La^ Somnktniip ; 

Palm Somnii, oqUAlly bright, ia of a yelkw-brawn ahade. The Mftre Sereoitati^ the oectrP oT Mare Humonim, and part of 
the Shma Iriduin, have a dark greeniah oolddr^ and tba Mare OrMum a lighter greeq ; the Mare Trigtiria ia a juUnwith grud. 

Centres of Prlnnlpnl Systems. ArmtarehuA, ArtetiUne, Byrgitm A, Coparaicai, Euler, Espleir, Mnaier, Proolu^ 
TimoclyiriB, and Tycho. Eudidoa and Landeberg A an AiunmndBj hy a ' nkabda," cr bright patch. 

Tho Meiin Centr'e of the Moon, or intatMciictn of Innar mEfidlan cr with tba iunar equator, oan Alwaye be readily found, 
U it ii Approximatriy the point uiuidiatant from the three cntaiw, Herachel, Schriiter, and TriBadeckerH The lunar eriuAlor 
In very nearly the line drawn throtigb BhEtiooB and lAndaberg; j Itmar longitude IF, a drawn tbrouigb the centre of Walter 
and the E. Jde of ArutitliHL But eoe nota at font of Map of the Moon aa to curved liuea. 

Index. Map Of the Monn. Tb® diamatera, giwii b mHea, uw npproiimate, a« anthcrittea nometimm dtffm, owing to 
[rre^lar abape, Ac. The letter* Be, Bb^ Ac., indicate the aqoam in which tbo object will be found, r, w, etc, eee abqm 


Agrippa (r) Ba 
aIhI^Iua (w) Bb 70 
Alpotregluj (rj Cb Sn 
AlpbDnsuafw) Ch 70 
AnaxEmander Od 31^ 
Apoiloniiia A* 30 
Ambimodea (r) Cs ftO 
ArUdinus (c) Bo 5 
Ariatarchua (a) De SS 
Ariatillua (r) Bd 34 
Ariatotelaa (f} 
Amachoi (w) 

Atlaa (r) 

Autolyana (r) 


Ed 66 
Ob 65 
Bd 66 
Bd 36 


Biiil]yi:w) Oi16a 

H«ad (e) Bo IS 
Blrt (r) Ch a 

BlAtiCAfVEia (w) Oa 60 
BuUimldua (p) Crh 3S 
Bnrg {f> Bd iS 

Byrgiu*, * A (r) Db 40 


C^pelk (r) Ab 30 

CapuAiina (r) da 34 

Ckiwni (r) Bd 36 

Cklbarina (v) Bb 70 


BWu. 

ClaviuB (w) Cb1.6(j' 

Cldomndaa (w) Ac $0 
Cfoparnicus (r) Oc 6C 
Crdeer {r} Bb 30 
Cy^ua (v) Bb 66 
Delambm (r) Bb 3S 
I>eiwle(wv) Ca le 
Enake fr) Dc 20 
Endymioti {«) Bd TS 
EjAti08EbiiaBa{r)Cc 3S 
Enctidea .{«) Ch 7 

Endagnui (r) ^ 46 

Eukr^rJ Oo 19 
Fabrklua (r) Ba 66 

FliUnetnod (r) Db B 
FracBAtoriuB (r) Ab 60 
Fumerina (v) Aa 60 
Gambert (r) Cd 1S 

Goimtidl (,») Db 66 

Gaunefw) AdlEO 

Godin (o) Ba 23 

QrimaMi (v) DbH7 

Hoinisbl (i^ Ca 66 

Helicon (f) Cd 13 


Hellfr) Ca*15» 

Herntdre (r) Bd 46 
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Lambdrt (r) Ce 16 
LatHlabcifg (r) Ch 36 
I.aEigitaiua (w) Ab S6 
]..otrD£ine (r) Dh 60 
Undenaq (Id) Ba 36 
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MaurDlyaui fv) Ba 76 
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Pbilalgue Cd 4fl 
PLwsri (w) Da 80 
Ploard (rV Aa SI 
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Pico Od ... 

Pitatua fw) Ch 59 
Flatn fw) Cd SO 
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Bdiibold fr) Ce 31 
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Ebuer fiwr) Ac 30 
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SchriSte-r (r) Ca 26 

Stod™ fr) ^ 41 
Ethflerfip} EalCiO 
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IbieanMkc^ (r) Bo 14 
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YendelEdua (w) Ab 00 
Ykea (r) Dh 61 
Yifcello (r) Db S9 
Yitmviiii (tf) Bo 18 
YUctj fr) Ba 67 

Walter fv) Ba 90 
WaTgnntfn fr) Da 64 
Werner (r) Bb 46 
Wilhelm t fv) Ca 46 
Wurielbanerfw) Ca 60 
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b. tLfl odgo oti utnui Ubmtlod^ 


fotpoiborlABod^ «liif to lEhmitotiL Tbo Ifwr* 


BCAJJi BHOWINQ |U»PR0K1MATE KHtlTION OF THE TEAHIHATOA QH THE MOON'S EOUATD«t AT VAhtOUS AQEa 

TfttOI lll»IM 

A«*^ tfr«, 

OAl UImi 

ia u^ing tiiu or uf otbor nf mm Motra, it moot b« maoub^nd ihit:— 

(a}. ObjMtft Tttfj ohu tbo UdlIo in thi Mop mojf In eoeiipj 
Crllluai iM Grinuliii for IniLuitio, ^k» 

1:^1 lubOTfquktw, ond pmllokof litSx-iidarWhid^ort Itnighit Oath* Mip, m oiJr baod. tliiu wboD tbo libroMoh lo btlUid*!« OT^ 
FA. wton tbi luDor uu El la th* pMitina of mwa tibnttoft j itothef tinum tboW Utaw u< *o*ta Mdlipw of gmUr or Liw oa™ 
turvi, muTsd ooitlliWIirdi when tbo libntiaD la iKtltiadi U uid Ourfod northirmli' nbm tho Ut-mUfm ia liliUida ii —4 
(•)l Stnirljirly tho umdka of lonir laDgitudo O' b Ml]r i«n Ai o itnlght liiH whoo tlw Uv loDj^iiiidA Ii 0* ; il oihir EumI 

It olio ii oUiptioil, ootBTU W, or £, oonrdiiig 11 tbi HoQa''i ilfantEon U ~ or +>■ 

(<(). Hii mooD Hau^ of i|i« diio ll hod in th* oobtn wfwn tlw ttbfmtUra In lon^tuiie ood loiltudo am «iOh 0*4 At otliB 
H DteV bn diiptoD^ Up to T 4t' lo looglUHli oad S' 44' in lotllodii. ttr «■ thi comloaid nmlt ID' Id'. TIm Mimp' 
UbntlDQ in lon^iludi io pbont pofiga* usd ipogH.. tad bor Ulurition m liliUido ib«iti &' whim ibi ii atnoupg tho EfJiptl*. 

Whip tlw IfooD ■ lilmtdtia In Inb^ti'Uldi Ii >tbiropim npoiiad to viowio Oti tlw KLlimb^ AMon CriMiim'ii Dsu'ef- tfwIiinV. LlifHi tnim pcoltiBiL 

» ii ji forthm from ^ 

EL Mub. A Ptoto ii mfiuwr thi limb than, rwui poMtlon. 
if. ,i „ furtbor troiR p, p, 
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THE PLANETS. 

The NflUtlc&l Alfflailail (N.A.X The Anierlfli&ll. Epbemert^ (AtE»'^j giTe oincX iiKofaJ plitretjiry oliBcrviinf inforrcuktioi. 
Ulader ‘PJicHuliiofiA' (tru thu datoa of ctnyiKKitiiHi In H.A. wltli t]jc ^utl ikJid Moon, elongiitiorn of Jlori'urj Mwl Vouua, 

&t; there are OecnIUtlfjri T»bl^ with Ifttliudo-limsta of ubMsrrabiliitj^ md tliOM* seen at itittlin ntHUotti ; alllfi Slmrlw, Sunset^ 
^loc^rtRe, Mecifieet, Aiift Twilight Taljlos, for latEtuilee 0* to tO., I his Ejilii'iuciTit’ Tablca tjae 

of tho jufifl, pknotary tEohdian oji tbi! lismlro of theduw, magniiuiii^ L-upijigurmUun and cclipwainf ilte Nvtdtitfs, io.E _ 

Mara BJid Jupiter. Tho MWitar amount of ijIumc, falwajm on the W. aiilij from eanjufu'titui to o|>f|M*ltion, and on E. nde from 
upjioalUQii until caojimetjon) ta givun Lj oiilnmn rj ; the ijEwar (=areal)rpaciLLnn of tiio disa iUumiriAtod, by coluuu k. 
Cbiamii 1.}^ givsN the nurobar of degreoa the (ilanot'a N. pole (+ ^ w S. |xh]o (-), iv timiod t(pwaHlji the Ejirtb t tnaiiicmn 
alxiiit 2&i* for Mars : 4" fuf JupilQi*}. Sb' for Saturn j btit laij^edy mUlifltsl by fui-Dehurtenlni;. 0* = balij un Jimb. 
Jupiter's SatEilitea. CcjneKuretiop e Q *t the side iadicatea 'In tmTiait't # ‘liioc^;nltation orecJlJjae,’ TtPePbanDiiuignLiuH show 
tie pfialtiud uf oadb aatollitn during tht tnonUi by a * (ebange aUght, OKOoptnear opiKiaftiiTO), of tbe pointa where the 
sateElitiiadiaapiieAr in, or oncers® from the ahadowt ; c [or d) k tbe point of djaappearaciroi rh that of reappoareum 

SAEanik Itin^a. Ontlumh li [Saturn iijwilrio latitudo of the Earth) gives the angnilar ■uprnnGBs" of the rinp, O' when ioTkible, 
about £&■ fully <ppnn. CtiUimn H‘ is the Sen's clevatlodi abora the ring-piano^ iJw jir* inriislble when B or 5'-r0*; 
mid alsti wiiiiu B [Katdj)' k ^ (^lurthx and if' (SuEi) ie - [hiunth), or I'le? T?erji«t Position angSa of axis in name aa nulumn F\ 
Hour of ILA. on the mt-HHiian at mean nridnight (Sidei>L«l Timo), for mtb chiy] frem this, that at other bouii can he ibund. 
Rising or Setting of Planets, From t4ie ^V.d. titne of mcriiliari attbtraot (or add) the eemi-ditimat Jtre isec p. aJ v). 

Aatroaonucaj Tenna j The Calendar. Tbo Htudentshould PCHut tbo wry intcreating artjL'ln on these Butyefta in the Appendw 
to tho Brittah XJ^, whloh also uoataiii*, for the advauded, an ekborete prama of fortQu1» used in the AlmabiK:, 
Helioouttric longitndoaand latitudw, atul rodltia veatoni, giving orbititl poaitioue isnd durtanort with refcrEDoo to the Snq, 
given auunatly in the diaamnn The British XU. publiahee tJiem for twenty v«vr« in wiv 4 un?ft, IS 17^40 In X 

181h-;7 (MarvuryamiiMity, till 1938): 1841-60, aEno 1000.1940, its special voU EHftli'a holiooimtric longitiuie, sae p < 
Genoral NdteSr—The so nailed to distinguish them from ilio nr J/tncM' J^^antU, Jionn 

of which exceeds a few hundred mile* in diameter, are Menrury, Yernis, Eartli, Mara, Jupiter, Saturn, XJranua, 
STeptune, Pluto, The firut four, and PJubo, am sometimes diaiinguiihed ns the Tirrrfsirial ri&mtf, as tJitir liis* are 
dojupamble with that of the Earth, the othara as the fJiunt They are always near the Ecliptie except Pluto, 

within tbo Zodiac (p-3)t ^tid are readUy (llstlng’alshed fmou fixed itare, a^ they do not twinHc! unlesa low down ; their 
spectra are thone of reflected sunlighL, w'itli baiids due to uethane in all tlin giaul plariF^tx, and amiP-oms in dupiter 
and Batura (p. 85). Their coustantly-ohanging |waitionR arc eafuljfoand hy tJie R. A, and Declinatjon givfm in alntanans. 

UnJibe the Moon, which loutha about 39 toGS minutei (mean, hO^) later each day, ih« i^wyi*!rwr rianftM (Mars, the 
Astoroida, Jupiter, and those beyond) south enriier, tm the avemge, each aighl, sppraring to m-ove nearer the Sun daily 
whan E. of him, but further away when W+ uf him, and being lost in his riLys for some six weeks BtinBallT^-MarBi 
and thE^ aateroldM tu general, for aiontha, bieujiially, having loag nynodic periodt (bcs bstow), 

Tho BapnrlorplaiietH are liost; seen when m opposition, southing aboot midnight j llit! /n/Wior /'fuTi-f'iiff (Miifcnry 
Venus), aliout the times nf greawat elongation. Opposition or grratest elongatioti may ixmr at any time of the year 
but tho lioarer they happen to one dat.o iu a -oertaiii month (Superior planttH^ that on which the Earth’s iieiiocentrio 
Longitude is about tiio same as that of tbr^ platintk perihelion) tbo larger and brighter ih tjie planet, mauyyeare, how¬ 
ever, elapse before the moat favejumUa conditiooH reimr. For Magnitude variation, s&e pp, 17 and 41, 

The Solar-System (sea alao p. vili).—Tbe figures Wlow lire moetJy {or, lAaod on) tbiweaf the^mmettH ApAtfoinriji, to which 
refer (nr to the vimrly BU.A. fur yhsiktor preouion. The larger of two diameters is tho equatorial, the smaller ttu polar. 

Sum* Diamctar, B«B,37D nulaa, 1,395,7130 km.E Moco, ilflS milea, 3840 km. DsfliUty: (wafcitr^l) Snu, 1-41 j Moon 3 34. 
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TITE PlA^^ETS. 


U 

The Paths flf the Plaaets DU the St&IP Sphere. Am iK!>titU rruoi tfaa thoH (Lfadr helloccoibria [mtha} Ufi, tar 
|nir|niHS^ imctutE^ug^ And e«ch ibtetvse^ thftt of iJi^ ISorth (tli4i Hma ui th« Bcliptig) At tva prfecrtiisAnjr filed poilltA, the Tirides, 
The JwlioiijBotrw petlm hiv aIbo AppMAiiutteij the ATEraga petlu yf the Buperior plAfOjCtB, aa «ei5 fh>m the KftrtJl |SM iKlwJt 

FlAKteU httiue their heliooentria latitude wbea 4i>hy«t IKT langit. from the nodes, uJ remkiu k)U(|«rit (Icti^tiDon lu the 

eoccutrliittf) «& thet Aide of the EoU];>ttc b which AphelhoQ hei thAa b the otboTp partly twcouje the bodti-AphaMcD-nodediBt&uce 
1 b ^niAter (elightlj, imlnaa ODceutricitj l» g;nMtl, portlj bcsCAiue the mean iS'Utlcii ii eicwir. LT the tuxIn-perihEJicD engk (w) 1 b 
prAafer tha4iehcdt ISQT»aphdioli u Id the N.ceJtttiBL he£iiupli{in}{ilrtal^ JupIterpSatititipKeptiiiie); if Ian, id the Sob them (Mercurji 
Yeaue, CrmrmA, Pluto); m the fonnsr,. the Altatnde &t i¥Diirablo oppoaltiertu ii heat for Sontham, Ja the Latter for Northera obeenrem 
Ai seeo from thn Earth, the piiutrti rvaoh a lntitadB aboTs or below the Ecliptio At leMt to the idolidiLiiiui of 

their orhiti^ Aiid wch folIowR the hdiooentric path more and more pearl; the Le« Ita p«r«Jlu:^v^ the remoter the planet ia from 
the @iio '4 thru thoir jeoosntric palhH are oonEaed to a ver; nurrow atrip on the atar tpliore—Man uonpted (aee helDwjt 

Jbferwj; nnd rniku,^ which circle the elor spliefe with the Sub^ have the Eeliptii; fer their aTera^ path (approjph itnd mttab fi* 
Aiui 9'^ nepectirel;, from it if mar. hoUocentrio latitude oecim with Earth about faeliaoenL, bogit SIS* 16S', a4e'{ TrAui). 

The Earib'it arerohanging pcaltian in her orhit^ maj, ab Been from her oentre, diRjtbce the Superior plaoetB from theb- hetio' 
centric poeitioiifl (a) E. or W. hj ^ anmnDt about equal to the Elanli'e nnnwuf paralLu (jt 14) m Been from the plaoBt; (h) N. 
or & bj A BxnaJl amoupE —grcatemt about periheHcD oppoBitiea, Moalieet about oacyi^stJDn—oxce|}t for ncar-hj Mara, which at 
oppoflitioQ maj be muB to h* N. or S. of the hBUocsntdc path ; Jupitcr'a maximum la about And aa the Earth'i iDBan dail^ 
Orbital motton of 1* exceeda thosBof Man and the asteroida b; I" or mor^ and thoae of the other Soperior plaueta bj well-nigh 1* 
{•ee Table, p. SEkwhen Earth and planet are on the aame aide ^ the Sim and in the Bame Une^ at oppoMitiou, thelhjth oijtrunB the 
planet, oauBdug It apfiarautly to retrograde on the atar apbere—tebre and alter uppoiitien, alio, for aome time. The eombiued 
mutiuiii of the Earth and a planet make the latter's path eu the atar aphere^ as aceu from the Earth, a looped or ngug curm 
ffi^C^Upy always so clou to the 3aa that, even when moat farourably Bituated, he ii auiy obeerrable for about 
two hours (naked eye, t^^*) anEtaet or before snnrue, and that at a reiy low altitude, MpeoianT in higher 

latiburlee^ Hli very eoceutrio orbit nausea his greatest elongation (OrE.) from the Sun to rarj from IS" to £9* —the 
latiHr one being at aphelion, when be ia & of the Geleatial Ejquator, and beat wen by Son them bbserren. In temperate 
latitudaB be ia moat farourably placed near the Ei^nlnaxes, as an evening b tar in spring, acme daya befon G.B,_oae 
tn April being best, Or aa a morning star in autumn, Bume days after G-E, (in the bcmiapbere, Oct, and April). 

Hercnry baa phases like the Moon, and is mag. - TrS when in perihelion near snperior conjunction (but yeiy near 
the Sun): at G.E., the average iaonly -f O S. Bidereal period 0^ daya^i synodic, about IIS dys. (BolarioD, see below^. 

VenUSi brIghtsBt of the planeta, Hometimei seen in broad dayligbt^ may even cast a shadow ^ her faint mark- 
ingt (rory doubtful if permanent featurea) are diScult to obierre owing to lack df oontrast, but her phasus can be 
studied in a small telescope Or good upeta gloss j. examiue in daylight — which diminiahes the glare-^or soon after 
sanset or before sunriBe, Her grcateBt brilliancy ii during the oresoeut stage—as au sveoiug star about a month 
after, or us a morning star greatest doDgation, which at tunximum Ib 47'^ (G.E. uever oocurt at nearest to Earth), 

The maximnui magnitude (- i'4) ocean about every S ysan, when Yenui is in peribclloa near the end of December, 
and 3. of the CDtesbial equator as a morning itar, therefore more favourably sitnated for Southern Dh^erven ; she is 
then twelve tiiuoi brighter than Siriua; she is ilighGj tsinter when in perihelion abont the middle of March aa an 
evening Btar, wh«n Kerthern observerB see ber niuob higher above the boriion. Her apparent motion is bo bIow— the 
synodic period being about a year and aeveu mOntbe (Ei&4 days)—that she renndiis visible or invisible for Kveral 
months^ oalike Mercury, whioh rapidly disappoaifB in the Sim's Sidereal period, S24'7days; rotabiem, see belnw, 
A iaiDt lamifiealti,. Uk« £irltihiiiB cn the Moon, eccancBall; nperted. aa vulbla an the darh nda 3a uaw iltrffailed bo ondar aakian, 
fteourranae of Greaiest EloagAltoiL^For Mercury, the mcMt fevourahle abngatieu tKeure ahaut every air yearn] for 
Tbdub about every 8 yeant. The iptorvalfl between graatwt E and W, eLougaGun are very unequal 

Gioatcst E. to greatest W. elcmgaticn, Inferter ooi^unotloo botwocdi :^l3Leitrury about 44 daya ; Yeoua 144 dayi. 

W. „ K „ euperiur „ „ „ „ 78 „ „ 440 „ 

Mtirs u of litGe intoneet in a small telescope exnfpt in or near opposition—when hie angular diameter is to 
this wonfs ovary 7&0 days on the average—nearly two yoara and two mmithB, the longBBtfmajor) planetary ■yDodic 
period ; the sklerttal period is SS7 days. Favourabl# oppO'SitioD.a trome nvory 15 or 17 years, the beat about Aug. S6th 
(from 18^4, very faveurable), wban Mars exesods Jupiter iu brightnass, aLlaiuiug mag. - 2 9, but ai hiB diao is even 
then ouJy ludf the diameter, littls detail is seen in imall teleaoopoL The mean and minimnin oppoaitlon magnitudn 
vary between 3'2h and - i -0, while in conjunction with the Bun he is only 2nd magnitude. Except near oppositiorii 
Mars Ifl more or Iub 'gibbouB*—is., not fully, but more than balf-illgmined^gruteat when faci is iu quadrature ($0' 
bugibude, or Qhrs, E,A from the Son); only 0'S4 of the disc ii then illamined. Man has bwo tiny satellites^ 

On Mara’ ruddy disc, dark greyiab-gronn markings —houco thought to be neM, but now auppoaod to be manhes or 
vegutaUen areas—can be ■cou, and on* or olhor of tha bright, white pqlar spobi (probably inDW-capa, per haps partly 
hoar frwt) is a atrikrng foatnro ; oocastoaally both cap* nru visible. The finer aia-cBJIed "cauaTB’'—an unfortunate trana 
lation of Schiapiire3ll''j cdno^i, 'ehannelfl,' notneeesgArily artificial—ateiu vialble inamall telescopes,and thongbaomeieem 
to result from real markinga, the tendenay ii to regard thum us partly due to ocularcauBea }iotailpn period, 24b. 3?'4nL 


EotatlOD Periods of Mercury ajid Venus.—AfuLreury’a mcaiicn period k bcllBrod to be 98days, the aam*aa hkKidBTUsl 
one, so that be Alwaya keeps the Bom* fiu» tc the Bum That of Fruus liu new ijesn determined by muana of rudlo obeervattooB 
to bu 2i bra 17 mmutea. 




m£ tULNEU. 


JupftOt IB * Sno objunt for inmll t«l«awp94, with hin ^IlipticKl eJUD| darker at thn «dg«B than in the aentre, and 
^parallel belt' markio^ j; vhen in qoodrature (p, fi) the Hoib is alightt^ ikadcdj owing to * ph&Ko/ Th& rotation 
period i« Sb. QO'fira. near the alienator (Sjebam 1,^ 55'7 u, In the tempemto louei (3jfltem 11^), 

Far nferenoo, tfaa rfiMt jg diTidud into the E. and S. Polar Kn^ions ; tbe Eqwtotial.^ TVoftiml, and Tfmpnn:n$ Zenti^ cmwed 
bjr HVni dlirker * belti '^^rlL, the narrow Etfuaierial Band ; the E^tialoirLat (A' and &||^ and Temperat* (jV.p S., SB.) BtiU. 

Tf^ Grmi Efd Spat, »en in 1 Grat prominent in IBTB, wu an oval atMut by 3" (2-0|OOC by 7000 milcB), and 
iti rotation poiiod boa varied by aeverol oeconda Bright red till by IB9S it bad faded to a pale ornDge, and 

has ainca ahown little nolonr. In 1919-20^ remarkable and rapid ohangea wourred in thia region, the Spotduiappearing 
and re-appeariiig og&iD^ It has generally been seen in a * holiow ' or ^bay' io the jade of the tUquatoHaJ Belt, 
and B dark ttuurking, the S. Tt^ipiad periodioaUy oTertakea the Spat and occeJerati^A itg motlonh 

Jupiter’i lynodio period being abont 399 days, in oecceitaive years o|TpoaitiorLi take place a month later In the 
ieaaoa, tlie mott faTporable beUig every lit bi Bept^-Oatober ^ Ms magnitude ia then - 2‘5, «emparcd with about 
- 2'3 at mean oppoaitioTi, lifinimam mag., when in etmjiination with the Sun, about - 1 '2^ Sidereal period:, 11 ^S6 yro^ 
Jup^lt^r^f Satellites or Moons-—Seven af these are men only in great teleaoopes or on pbotograpbB, The other 
lour (about mag. 6, and nnmbered from the planet I, 11, lit, IV) are risibEe in on opera glass : they ars alleolipscd by 
dupiterV ^dino (not initantaneeuBly), T to HI unco evety rovointlon. Sometiiuei a iitdJita 'tmnslts' or paasu 
across the planet'^a disc^ appenringr os it onters or leavcB the dise^ u a bright «pot on a dark background (tlis limb or 
edge of tho planet being darkor than th« centre), while later it may disappear, if the hackground ii limiUr in brighu 
ness and colour; it may also show sa a dark spot. The shadow also tromiita the dina os a dark spot, wbieh is apt to 
be taken for tbe sstelUbe itaetf ; somotimee botb Batellitu and shadow am seen tra±Lsitldg at the Same time. 

when the aatollitns pnaa behind the body of the pCanct, are frequent, but of fittJo iotcrest, though, 
when Jupitor is In or nesj quadrature, tho eatoSHto may diaappear, or re-uppear, alighlEy away from the apparent 
limb owing to the 'pliaae‘—whloli ia on the w«^t aide before, ojid on the east aide after, opposition, 

Saturn ti ilao a fine object for Bmoil telsBcopes, The diic is even more elliptical than that of Jupiter—seen 
fully only wheu the Earth in in the plane of the ringa—but is only aUgliEily darker at tbe edges than in tiie centre. 
Faint parillebbelt markings may be dtscemed, aud ocoasicinally bright or dark spota, but his special feature is the 
wonderful Ring •ystem, divided ia two by a dark line-like marking known os CaSrlwi'i \ it is Just Tiiible in 

a 2|-mi3b refractor when the ruigs are fully open. Tha projcotixig enda of the rings am called the dturcs; the one fioing 
in ^e direction of the pLanct’s Enotion, in the field of view, Is tbe 'preoeding' ansa, the ether the ’following' one. 
The prineipal rioga are designated. A (theontermost) and B which k brightar; A ii divided by a narrow dark 
line known os Enciu*t Eim*ion, not easily neen, A third ring C, the duiky CntpM, Crtpn, 6t Gaux* nearest 

the planet, requires at least a 4'inDh tcleecops, Tbe rings are not solid as was ones supposed, but myriaxls of tiny bodies 
roTolTiog round tbe planet^ the octnoJi Lhtckneaa of the rings k aotyet known; estimatBS vary from 10 tofiO mdea. 

5'oeurrt —Twice in the ooune of Saturn's 29|‘yw sidereal period, at intcrrale of 13} and lfi| years (from 

193G), the rings present their edge (d) to the Sun, (6) to ths Earth, or (r) turn their nnillumincd side towarda the 
Earth, and beocimo laTkible in ordinary teleicopea—sven in the largest tdescopfis, when edgeways to the Earth—for 
a day or two j Siituni is then in heliocentric lopgitttde 172' or 352*, in the oonstaliations Ico or AquariuitPiBeea 
About 6<7 yBars later, whcoi be ia in the sonstollatioiis Taurui or Bagittiriiia (long. 12' and 262*) the rings are fully 
open, and be Is at bis brighteet (se« p, IT), Tlit most favourable conditions for brightness and opetmess are when 
Saturn k in opposltl^ni at the thnea of perlheJiDU (longitude 91*), jmd grealost opennese, whisb, for the same longitude^ 
only oocun every 29-5Q yeari (from .1943), Tlie Earth ia in longitude and 91*, about Dw. IS and 24^ with Saturn 
N. of the Ecliptic, and In 262' about June 14, when he is B, of it: oppositiouu about these dat« wiU therefore be 
favourable, but tbona in tbe oboerver'i summer will be at low oltittidsaH As Saturn's synodic period is days, 
Oppcsitioiia recor only a fortnight later in tbe anasoa each year, giving for aome years a sucewioD of the best brightneBS- 
oanditiowL At the time of ring-iiiTiiibjli.ty, the Harth; may pass (or almost pass) through the ring-plane thrice in the 
oonne of a year, the central oae being near longitude 172* or 3SI2', the others mnntbs before or after (see Table p.vili), 
Batmruk magnitude varies with the apparent: width of the rings; moon opposition aboutH^ 0^93, mar. —0*4; ring- 
loHp from O'Ofi to 0 87. His rotation period varies with tb« latitude] averaging about 10} honra Heriehel I. gives it 
H lOh. 16m,; Hall (1676) lOh, Um. 24a, far lat, 10'; Denning (1903) lOh. 37 ixl fiGa* gldaraal period, 39-46 years, 
Saturn bos nine aatelliboi; a very small telescope ehewB Titan, the brightest (mag. fi'3); a 3*in.ch, or even leti, 
Rhea (mag, 10-0); a 4-inch„ Tethys, Dione^and lapetns (nn^ 10-6, lO T, 10 9, respectively); the others are mag. I9-1A, 
Uranus and Noptuna an of Littln interest to the ordinary obBerver, being bO dwtant that bhnir small dkoi are 
visible only in telsaeopce over 4 inches, their satellites in large ones. Dninus, being mug. 6, it visible to the naked 
eye; Kepiunct opera gloss. Their maximum and minimum brightness diff«>T only by aboot 0 5 and 0 2 

magnitude, respectivelyt their angular diameters aljco vary very Uttla, TJranns has five sateJUten, Neptune two. 

Pluto. disBCvered 1930, hoe a rory eacCntric and highlydiiclined orbit (IT'); at perihelion (in 198fi) he cemre 
nearer the Bun tham I^eptune. His pjagnitudB (seems variablaj by 0-2-0 4 luag.) ranges frean abemt 12f to 16}, Hia 
diameter and moH, oa determined by Prof. Brouwer of Tale from pertnrbationi cf fTeptune, is about equal to that of 
Vezms. p piktwt'*. BorUi tuituds Si'. 
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Planets X, Q,, P, &>c< UJtru-Nt'ptiiiiiJliU pJaihuint MUf'i^cfrtCid by ptiLUtit^y iHirturliatlaciE and cumctary nnulyaie, 
Pluto rupndHiiliti Loiiisll'j! 'Plimcit X " umaft luucji for ilio otliorAj tso \oi 61, iioJ, 40* li)3S, 

The A^teroid^* or Miiiqr PJanotS, boiog vory tuiutito, itro all invfublr to tbo naki d rjr, ixtt pt ('?*?« (t j 
JBig. lb* lar{*t!At C*rts»|, ifi 4fl0 tnii** ill diamder* but ili* gtoai inajorily aju wi*!! tindor FiO tniJia, Tin j oicupy 
tb* position wb*r* ’Putio'a Ijiw '' (p. vili) indiral** & plan*! ought to pod Piaj possibly b* tLc un pior if oil*. 

Uiililco Lb* Major plui]«ln PlutoJ^ ihoir orbiia vary grtally ii] looliiiLaljon to ili* l'!eliplie uod in I'ccniirioity 

Hidnl^a (iiM) Ijaving an orbit-iucltnation of 43*. and an ocototricity of 0^66 ^f jtcreded bj that of Ad<mi*, sint botoir). 

NawaHturoick may it!«oiv* iJttruw, but ttTO oiilj nuHitpred (^yniMiRaJ tbup, 0, roogbly in t!ie (ird*r of ditFCOvfryJ when a 
piAtiafttctoty orbit lia# Jjwt obtainaj: for dm! tcmporaiy ijotuunoLaturH, mso fn, ii. th'er J BtJO AHti-roidB ai* now WctL 
Arcj (438), diAmetor About l& milcA, and porbapd ft-tbuped, or irregularly coToun-’d, aa ii^L light larieB, rotates on its 
aids in bi b^rs. It* orbit ia so iHmscutrio tliat when uoarost tbo Eartli it ia about baJf the least dittauce of Yenua, or 
11 DiiUiou mile*; it i* tlion about loag. 7| but ia napwlly beyond tb* roach of amall tell!acopi?a* the mtan opposition mag^ 
nitudo being mag. 10. TtmnoiMTioaaof Eros makcei it of groat imjiortaiice for acciurato mrajiurtiijtnt of tbefiuD's distance. 

Amor (Dalportu iHanft IiA}t not mpm tbun 3 m lice in diaiootcr, approathra wilt its about 10 million mi lea 
of the Earth—4 million mifw HKirer than Eros doija. It may b* in oppotiitiou twice iu a year- Ptriod about S| yeara, 
Apolla (J$A^ /fA% a Uoinmutb plancl, about aniilu iu d.iami:(.er, may tTansit tbo ^nti* aa its oibii comea aligbtly 
wJtliin that of Yenua, At timm it may coma witbiu 3 million inile* of tb* Earth. Ila period ia about years. 

AdoHiii Cd,), a fltfcond Dtilporte plafiet, in 1036 w^jti unly 1-38 million naiJt* from ua. Tbe eecentrkitj 

(0=76) of ita orbit ia such tbat it oouiea eioa* to tlie orbit of Moreury and travels out as far m tbat of Mara. It ia 
probably undue balf a mile in diameter. Penud About S 37 years. Inclination of orbit, r26^ Jt was favoumbly 
placed for obiisrvallou in June 1943, but eearoh for it was uiisueceaHfuL 

Nermt^g, diaoUvoPL'd by Eeinmuth in 1937, approached nearer the Earth than ouy other known phuietor}- body 
oa.c«pt the Moon, coming within 483,D€0 milee of ua, 

The TV^’att (or 6‘noup of oatoroidji, naujed after Imruiifi in theTrojatv war, is uoleworthy for its tni uibcia 

revolving in ptAbilitijequidiatiint(approx.)from the Hun atid Jupiler, ihoiigh lliriT utbilwate vrjyTjtar tl.pt of ihi- fatter. 

Planetary Radiation liuolaiifm of a planet la the total mdintion It Tpecivea from ihe^^uo ; of ihie the 
planet (A^reScet* inaeb solar fAdiaticn of ehorl wav^Jungth, is.* th* uJtra-iiolot. visibi*, and shortest infra-ri’d wave- 
IpngUiBup to*ny 14jti.( = Xl4,&00); and f&J ahsorbe the rest, then re-rndiaie* it hr Phneittiy Ji^dialic^n of lung wavc- 
Utigth, ie,, invTftiblo Inw-tamjiemtiare heat^mys^ wbloh may include the plauctVown rfidiaiicn, if any : thus is the 
measured total radiation isss the amouLt. of (aj. A Itm^ water cell placed in the l^eom of tbe planet's radiatioti 
tmusmits (u) but absorb* (i), thus enabling the omoont of ibe latter to be measured., As an atmnspbeie acts as a 
fdatikoi, ihs planetary mdiatiou of atmospherelew ptaneti will be high; that of those with atmospberos will tend 
to bcamal), Iwiisefiing the dmJUJr and cloudier tb* atmorpherr. Quarts and dunrit* Ecrreus, which tinnsmil longer 
wave-lenglhs than the l‘4#i of the wuter-eell (to 4=1^ and iL'/i n-Bpectively) are also ufi^ d in these investigations 
Jupiter and Saturn emit 6 per cent of planetary mdiatioii} Mars has uLout 60%, inditoting u thin atmosphere; 
Venuj* about 8% on th* bright aide. The kloon and Mercury give V4%, euggesting aitnilor physieil (atmoe^f hen’lessj 
eandition. Tbe Eicon's locaJ rndtaiioti at firat or last quarter ia proportional to the ilistanc* frtm the illuminated 
limb, and i» i;era nt the teruilnator. The diFercnce in the radiation from the light and dark lunar area& j» alight 
Planetary Temperatures-—Tim aurface-iempeiraturc of tht Mocm varies greatly throughout (be lunar dayj 
nadsr the vertical Sun it islOl^C. fSl4'‘F.),W'bile during tho tong night it sinka tn lees than - 1 f O'C. ( — 238T,). t orp 

under the vertical Sun i* about 686*11. (412*C.,774*F.,above U]* melting pcint of lead), at pprihr^iion, and 66&''K. 
(2S5*'C1| 540'F.), at aphelion t his dark old* must, be very cold, praciicany no heat being meatuiaye. Fewua diflf r* little 
on. tbe bright and dark aides, her teuipemtuin being ahnnl - 23‘C, ( - ^T. i; we evidently only tee the upper turface of 
a nlotid'lAyer tn the iecitbennAl region. Mar», under the vertical Sun, is 2PC, (T0*F.) at perihelifjn, hut only - G'Ci 
(2l *F,) At aphelion, when the tempt’ratnri! at the pole* is about — 70‘C, ( — D4’F.), Jtfpifer and the otlicr ginot pjanela 
are evidently cloud-eoveml like Ycnns, but their tempomtuTOB ore ns to rally Irjwer, Jupiter being ubout — l£Cl*C. 
( - 203* F.); Saittm^ thongb much further from the Son, Mm* - l^O”-1 DCi"C. f — 1 S4*-23S‘‘F>)* tliue leemingly Quitting 
some lieat of his own ; Uramat and Xf.ptmir, Bome — 10O*C. ( - 310*F.) and -220*C. ( - 364'F,) rtapectiveJy. 

Planetary Atiuospheres,—The Asteroids, the Moon,and even Mercury (proljflbly,the ti-mperalure being high)* 
having mosseBi too anmll to overcome the ^velocity nf eserp*^ (p, 24), are (itmoppherelei!*. If Mercuty has an nluK^phem 
as faitit tmjiaienl morkbga (perhap* dust from vokanoea) suggeat, it ia to 1 enouR that tbe solar sprottum ia unafleoted* 
V*iim haaoarhonie acid go* In lior Atniosphore, but sertningly no oirygon or water vapouriti iho nbKurvabloTrgionJ^ 
J/4nr.—TEi* dennity of his atmospheroat gnouiid surfaenis ciidmated os not cxceeilii^ig that of the Earth at a height 
of 11 mile*, but it is probably much less ; cloud* form in it and disappear, and btJh oiygen and water vof nur are be¬ 
lieved to bp pmsmif, and wore reported aKhavii'ig been tfbeen td in 1S3S4, but later nlwotvaTione failed to tonflin d im. 

Tfif GinnfTlutieif^ utmoiLphere*, so fur as they are pourtrable, are probably largely eon j-orrd of hydrr-grTT. and all 
contain ibo not oRaily enndoneed methano (mntah-gaa, T/Zj), th* quantity Increoaing the further the planet is from the 
Sun’a wanning radiation. Jupiter, with tb* higlmst tempprature, and to a lesser **teiit ??atum, aho contain ammonia, 

* E» T^jwell ObA Bulletin, ??«. S5, IPflE, 



MSTSQRS COMETS, 


PlailfitAry Sarfacss-—Onlj^ tl^ alffndy upper Tenons of the Giiuit planeta And of Vexioi ore ruible, but the lurtuAl 
nrfivoes of the Moon, Memmy^ Aud Mftre, Are Hen. Tbo polaniooter ourrea of the three latter ura itriking^l^ similar 
to thoae of Tolpudio meh and po£diee. Fmiu their albedos at dLflhietibpbaeeif, the Jiurfoees of Iflercmry and the atmosphere' 
leas Moon seem bo be t'Ory liioilar^ aa mi^ht be expected, ajad are rather ronjsih; that of Tk^ara seema to be fairly ainooth. 

Metfidrd df SllOOtlni^ Stars are of all dQ^nBee of brightnen, froni the faiutoit, lasting an initant, to the Mida or 
briiliaDl^ri*aif, lasting sayeral aeoonda: those that reach the Barth are called oerofite#. Meteors may appear in any 
part of the shy, bgt there are rertain weLI-iuarked pointa oa the star rphere from wbieb sbowere of meteere ooma every 
year at regular datut, whsn the Earth returns to the same part of {t« orbit, l^eiie ahoeera are named from tha oon- 
itellation in srhiob lin their ^oduiril Paini or —so aalled heoauae the mcleora of the ahoTor appear to 

redlato in all direottons frofo that point in the sby, Many hundreds of radiants are known ^ the Table on p. 43 
a few of the prinoipal shawera that may be looked for,^ and the approximate position of their Radiante, Thoae inter¬ 
ested will find a long list in W«hb'a 'Colestial Ohjocta,' In oolour, the averege meteor is more or Less and ia 

eitimated %o weigh not more than a single grain, from brightneM and yelooitj oansidoratiom. 

The meteors for any partitular radiant mostly uhihit the same general charaotoristji? year after year. There 
are^ hnwovar, eonaidsrablo diCerences between various ibowera. In aome, the mstoiire more vury swiftly^ in others, 
they move eemparativeiy slowly j in sttme, the average meteor is faint, in others, a proportion of 0 reballs loay be ex^ 
peeied. Streaks or trails are eharacterlitie of some showers, while oocasicmallj a bright slow-moying meUMiF seems to 
travel in a wavy path. All theer points should be noted in meteor oheervationn, but in mording the appearanofl of a 
meteor, Lheiuiikilled should note that it it much more important to dsecribe exactly its apparent path or track among 
the stare, from hegiimtng to end, than its phymioal appoara[L«e, The samo shower may also vary oouiiderabty in point 
of numbers, being quite eonspieuoos one year, aud hardly risible the next, or for years in suocesston, Ou the ether 
hand^ some showers of considerahle steadiness sometiincs 0aeh into gri»taetirity at Leterrab^ theLHFnids for instance. 

Meteore are generally twice as frequent at &a.iiL, as at fi p.nx. bseauie at the former hour we are facing in the 
direction of the EarLh’i motion In ita orbit; in the tatter, to the rear. They usual I j appear from &0 to fiO miles above 
the lEarlK's surface, and, on the average, disappear at 40 or 50 miles. (See l^otes on ob»rring meteors^ p. 43), 

COEUetS vary in br%htnuBi, most oE them being vieible only with ths aid of a tbleseopo, A comet ie generally 
Aral dlseemtble as a ndntite, faint, miity patch of light, so much nsembling a nebula that it is only identified as 
a comet when found to ba in motkni, but sometimes even a very large oocnot eaoapos detection at flreti by approaching 
ni in the line of the sun. The Ktaeniial portion of all comets is the coma or head, the misty patch ol light ■Jready 
iiientioD4?d Tn addition a wuc^iLt may develop u it approaches the eno, t.s. a bright flonuH-lLke or star-like appenr- 
anoe within the coma, and also a tail, or iomotimrei ssvaral taiJs—-which always point mom or less away from tha snn, 
no matter whotbar the oomet is approaching or recoding from the sun. Tha tall usually appoare as a eurved hollow 
none, deoreaiing in brightness as it widona out. Both nudaos and taih when pree«nt, increase In lixe and brigfatuesi 
as tbe oomet noars the sun, and decrease as it recedes from the ion; or slrmtifioatlona of the mist round 

the nndenJ^ eapeolally on the side towards the sun., may also appear as the comet approaches perihelion. Koithw 
nucleus nor taU, hownver, is necessarily preunt SsveraJ comets are oonnected In some way with mateorie ahowere. 

Ptrwdid ec3vi«fj^thoiie which revolve ronud the sun, and thus appear at. regular intervalt^—are kno wn by the name 
of lliieiT discoverer {os Holmst' comsf), or dlsaovcrers as twn diifBreat rettmu (as ponM-Bro^k''M coniir^), or discoverer or 
inv4^tigator ef the periodicity (ai and fneks's €ameit)t Tcmpel Tempel II (IIT3), indicate two din- 

ooverire by the same observer. Biddi cmnel (now bit), which divided in two, was known as Eicia { and IL 

The Zodiacal Lipht-—Ejcaipt niiiir the time of die oqiainnxw, thii ia nob well aeen to temperate latltndoivas its 
axis In the iky at other times is cnmipareuvely near the horixon. It appean as a faint, haay, eonicah beam, eome 
1&*.20'’ wide at ttie base, which nearly follows the Doursa of the Bdiptic {not the Celestial Equator) on the star rphere, 
for do* or more from the harieon a little south (SL Hemisphere^ north) of wfaenti the Sun is below the horlRonj; in its 
brightest parti^ k ia two or three timea aa lumingnas: u ihe Milky Way, but tcwardi its extreme limits it is always 
exceedingly faint, its brightneu leemi to vary from time to tlmCj and it ia brighter when obeervod within tha 
trqpica than in tomperate latitudea, partly owing to its being more nearly vertical to tfae horiroo, aud partly to th* 
■horrer dnration of twilight. It la beat aaen Feb.-March {evening), Ang.^pt. (morning) in tbs N. Hemiiphere j in tli* 
B. Hemisptiure, cum wtrta ; the Inexperienced are apt bo miatake the glow of twilight for ifa. (Idee Kotea on Qhscrvingl 
Tn a very edeait atmoaphere, the ^otUacai Pnnd, a narfovrer PxtniiiuoiL, joins the ^^gefUKh^in (next page), thus extend¬ 
ing the light right round the star sphere. These phenomena are all naually attributed to sunlight rebooted fiv^m 
meteoric hodiea, their spectre bning mainly that of sunlight,^ but two recent theories pqnalder them, (a) a temextrial 
'tail,' like that; of a coTOot^ duo to the Sim'a liglit-preaHare; (5) an atnioapberio phenoturnan at an immense attitude. 
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Tha 'COLLtilerglow ' or * wry £*iot round patoh of lig^ht, 10**30' in dianiofcwJr larger than 

the 'Great S^unra oi Fogaatti^- c^ ,6!, y, Pmasi and a AjmsoMKO^)^ or 40'-60>* aaoording to aaobbor authoritj^iiitnated 
on the Elliptic at the point diametrically oppoaile to where the Sun u for the tune boing. It i* ^ety difliouli to aw, 
and cannot be diatiniptiBhid if projectod on the Milky Way; ehooi« a moonlesi night of wceptional olearnesa, when 
the tkiEiptio ia bigheet above the hoirLeoiit »i*,t in Deoember and Janaaiy. Acoording to Bamardf it ia largest and 
brlghtoat in Beptembor and October. (See a long paper by Barnard, in the £n^i\*h AfaeAwitOi March 31, 191^). It 
alao ia probably dne to aonlighi radectod from meteoric 

OoonltatlonB take place wbeu the Moon ot a. pUnet pama in front of eome oeleatial body, ihuttiing it ont from 
view. The Moon f reqaently oooultH aliiH j tbe diaappenrance, or tminerjion, ia always on the E. tide of |]|« Moon, the 
reappearanob, or ettwfraion, on the "W. eidei •cmetimea (but rarely) the Moon cocnlta a planet. Wtieo the atar ii bright,^ 
the uiatantancona diaappoaiance and re^appearance are ilmoet atartling; tetj Tarelj^ the itaf eMme to bang for an 
inatant on the limb, perhape chanoing on some irregularity parallel to the Moon^a motioo. Diiratioii, see next pag«. 

The Moon's(atar);iliadQwb 3160 mi lei in diaine tor on the fundamental p]aDe(p.5]i, and haa no penumbra^ it sweeps 
across the Earth from W. to B., in the direction of the Earth's rotatio'n, which makes ocoaltadoiu last longer than 
thi^ would with a non-mtating Earth. The JIT.A. occaltation list gives the parallels of latitude within which they are 
seen: near these the small brearlth of the shadow (oral, in general) oon&nes visibility to a very limitod district 

Eslips&s occur when (a) the Moon pasBci in front of the Son t; (6) a utollito ootors its priinary'i iActr£?r«r{the 
biota out, in ooculUtloBis), and becaines invisible, though nothing intorvenes, bccanse the Suri no longer illnminei it 
In iSflfai* Mdiptas —whioh, strictly speaking, are really oeoultations of the Sun—the eolLpie begins on tbo west side 
of the Sun's dlic, and the shadow iwoeps across the Earth's surface from west to east; in Lunar the eclipse 

begins on the east side of the disc, end sweeps over it westwards. The umfrru,^ at ahadow, is tbe dark shadow on that 
portion el the Earth in solar, of the Moon in lunar eclips^ which, for tho time being, receives no direct light from 
the Sun. The umbra ihides away into the bordering pem*j«&ra or partial shadow, which covers those regloni of tha 
Earth or Moon whence tbs Sun would be saon partially eclipned. i the edge batwecti them ia noTer iharplT defined. 

Firwt Cmitaci oooure, in a solar eclip**, at the Instant when the discs of the Snn and Bfoon first appear to tonoh, 
aa, when the eaUpee begins : Lart Contact at the instant of the end of the cclipsn In the case of a lunar ccUpse, we 
have two First Contacts—at the instant when (1) the penumbra, and (2) the umbra or shadow, first touch the Moon'tdisc' 
and similarly two Contacts, k 1 the pnamrnfc when (3) the shadow, and (1) the penumbra respectively leave the diic. 

Tbe ntopniintfa, or estont, of partial and annalsj^ eGllpsiffl is indicated by expresiaing thn proportion of the diameter 
ectipsCHl as a decimal of the full diameter, at the time^ of tlie Sun't or Mucn'i disc ; in solar eeliptei it vartBs according 
to the locality, but in lunar eclipses It is the same at any place from wb[ch It is viriblev 

In a total lunar erUpse, the magnitude la indicated as the ratio to the Moon's dismeter at tha time taken as 1; any 
•dipee less than 1 will be ■ fHLrtial nns, while the maalmnni will!» sbiint I fl, hut thia only dccura when the Moon u 
sunnltaneoutly in perigee and on the Ecliptic. The further the Moon is fram the Ecliptic, tha shortork the daration 
of totality, and the nearer the points of first end last contact to the lunar poles. 

Lunar Eclipses, whan total snd oentrel, may kat as long at 3 hours 4S tnUntas from first to kat oostaet of the 
nmbTa, or up to 6 hours including the pennmbnl stsge; the maximum dnratLon of totality k 1 hour 43 minutes. 
Uaualiy the MoOn does not altogether duappear from vidw, STen at mid-ealipse, bat shines with a dull reddiah-onu 7 ge 
or greyish light, being illnminatod by sunlight refnetod by ths Enrth'i atinospbere: the colour and brightnaas depend 
on tho amount of water vapour sod clouds pre^nt in the Earth's atmosphere at the time. On rare occasions tho clouda 
iatercapt all or naorly all the rays that would bo reffseced, so that ths Moon beeonjes nearly or altogether invixibls. 

Solar EcUpseSi. both total and annuisr, are rarely visible from any gtren place, the 'exportation'' being only one 
in 3S0 years, Borne 3 or 4 hours elapse between first and la«t contact, bnt totality never exceeda T m. 40secs., and 
annularity 12^ minntos; bath are usually much lees. At thu rquator^ both totalitj and contaot^intorval lost about a 
quarter longer than at Lat SO". The width of the sone of totality averagri less than 100 miles, but where the Sun 
k in the renith it may be about IGT miles,* Fsrtlal solar eclipan are ol little interest, the 8un merely appearing 
notched ; the temperature may fall perceptibiy, howeTsr, and about mag. -97, Mercury, Vonus^ and stars may appear. 

Trajisits of RlBrcury and Venus,—Treniiia of r^nu# happen twice at the short Interval of eight yeani, and 
then do not recur for over 100 years(105 and 1311 altorostoly), Lw)i traniaitit, 1BT4, 1332; next transita, 3004, 2012, 
Mtnwy transito the Bun about four times in 33 years, and ai tit* aaisfur at intervals of 7, 13^ 33 qr 4G ywre. 
Tho transits always happen at the desoending node in May, or at the ssevinding node in JJovembar. Transito take 
place in May, 1957 and 1970. and in Norembur, 1953^ ICGO, 1973, ]99G, and 1999. (See Note cm Tranalto^ p, 43). 

* fl«v Trivk CUsrbi ia tlis t th:, mi bicMuiss, esw lisr lasuf bafon tli« otlMf, 
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DUI!*&tjOQ at OCDUltatlonS.—The Mood'* mem dnily motion iiuaong tlio ainim ie 13‘'18, or0*"53 per hour, u teen 
ftom the EATth'i {lentre. The Moon^4 menan mgoler dwneter ]>«iDg 0^318V ■> occuitation her (star) ebadov 

Ea^ee nearly an honr, on the A?erBge, to pua Lb« Kartb'e oentre, and atilt longer a point on tiio Earth'i Bur&ioe, where 
by ber rotation^ an observer in being carried in the aame general direction lu iLo aiittclew ia travoUuigr At the Earth's 
equator the spoed ti about 1D30 imJeH„ md at lalitudea 4£i' aod 5!3*, 734 milee and G^O mile* per hour, rcepeotively; tbe 
duration of an oocultatian, therefortsi, aborteni with moreaBing latitude^ hut in Ending the notual duratiout tlie Moon'i 
varying Telocity and angular diameter, and other faeton, hav^ to be taken into accoant^ The track of the eentre of 
the ■badew may take Btrange curreav Tory sunilar to those of the tracks of rarlaua solar ccUpBce given in the N.A^ 
Id the latitude of Gmenwich, aome central ocoultationa may last about 1^ bouia, 

Occultatloa Forlod^—Owing to the weetward motion of tbo Moon'i node along the Eidiptio (aboot 1^* per 
Dodlcal month), the Moon'B monthly path among the itari ia al ways ohanging, circling the star sphere hack to th« 
same node in 18^59 yeara On atMm^ thererore^ eoeb aCwr within about S|' of the EoLiptio has the chance of being 
occulted tvisc during that interval, when it is passed Bucoeasively by the asoending and deaoending ijoadraate of the 
Moon'e path. These ^paaaingH^ are at average intervals of yeam for etam on the Ecliptic itself; for other oocultablc 
etars the interval between ttm puaingB shorteoi oa the distance from the Ecllptio increases (with a correspondingty 
longer interval to the next pair), tilh at the occnltable limit, the two pauangs coiDcida But the intervals are not 
oonatant, owing to the varying inclination of the Xtoon's Orbit, the node'll irregular and sometimes (as regards the mean) 
mrersed motion, Act, ao that an ooeuUaLlon be repeated daring many monihn—or even some years, For stars near 
the occultable limit, wberu the monthly patlis are doaely crowded—Ijefore the path Enally departs from the star. 
Twilight, from ancient times, has been reckoned as ending when the Sun's centre is 18' below the horiaon, 5th 
magnitude etars then beLcig visible in the senith; it has no definite duration, however, aa meteorological cnoditiDns may 
modify it. The glow, in its later stages is a Begment of a oiifcle, brighteat vertically over the Sun< IKrsctly opposit^ 
the indigo-blue segment of the unillumuiated atmoephere rioea from the east os the Sun recedes from the borboiu 
Twilight Lengtheni with dutance from the EejUafor, and ia ihorteft all over the Earth about the Eqninoxea 
The total variatioD never exceeds haU an boar below latitnde 40% and in higher latitudes, some 10-20 minutea during 
antunm, spring, and winter; but above laL 40*, Ln intnmer twitight lengthens, till it lutn all night above 60*. Cttnift 

Mofiiicid, and Attrpittomia^ TKir^i^hi (Eritish .ATd.) end when the Sttn'i centre is G*, 12*, amj 16' below thehorioon_th# 

ILrsi about the limit whan “ordinary outdoor operations become impracticable witbont artificial light." Tahlg p.xiv, 
Twinkling of —Though pnrely atmcspheric in. its origm, this phenomenon is of inrerett to astronomers, as 

it Lb affeotsd by the nature of the light emitted by each star, ia, by its spectrom. White stara (Types B and A) twinkle 
most; yellow starB (Types F to K) fllightly less, and rod Btan (Typo M) leait of all. Twinkling is least at the oeoitli, and 
in settled and calm weather; and gruatost toward the huriBon, and in unBettled and Btonuy weatbcr: there it *l«ii a 
leasoDol waxing and waning from mld^ammer to mid.winter and eve eems. Flanete do not uiunhy twhikJe except 
when nMkT the horison—roppoesd to be due to the fioct that they have discs of an appreciable siim. 

57id ffrscn /ZajA, or ' Grefin Bay,' occasionally fteen for a scoond or two before the instant of sunset or sunrise^^ 
is a beautifa] solar phonamonon, due, hke twinkling, to atmospherie causes ; it is more often visible if an operarglass 
LB used. The geaeral conditions reqnired are a distant, iharply-defiDed, and low (preferably sea) horizon i avoid looking 
at the SuD till the luet moment. Oool weather and absence of red tints seem to favour viBlhiHty. Somcdipes It takes 
the fertu of a Haib followed by a deep blue one While the duration is aEually only a second or two^ It tends to 
lengthen with ingrease in latitude, aspemally if the homon Is nearly parallel to the Sun's motion. In the Antarctic, 
it has been observed for SO minnttss. A .Hcd i^osA is Bomotimes secD as tbe 8nn'i foicwr edge emerges from a dark 
cloud near the horizon : it may last minntcB if the cloud's motion lb nearly the a&me as the Sun'a 

AurorSEi are bohevod Co origiDaCo in the Sun. There is general agreement betwonn the sunspot maximum arid mjai- 
mnm and thoir greatest and least frequency, and though no dednite relationship with lunepots h as yet been demonstmted 
magnetic sbormH and aurorw frequently occur when large sputa are on or near the Sun's central meridian: they maybe 
dno to tays ibot out from certain armu of the Byn'n surface—not necessarily radially, or froni where a ■unspot is aeon. 
Auroine appear in various forms: dlEune arG«s^ area, raya, beomB, curtains, patches, dc, (detailfl see p.44). The 
ordmary height is some 67 to 300 kiloEnctraa (35-180 miles), but altitndes of lOOO km. (520m,) have been recorded. 

Aurorm are m 0 »t freqaent about the time of the 0qnnii>xoa---espsc9aliy just after.* In Europe, some thuiy^ may be 
■eon annoally on the lino lavarueas-Oslo; south of tliat lino the number rapidly falls off, and south of the latitude of 
Paris, they apjwar only at long inEervata. In America the correapoudmg limita are Quebec-Alaska, and WashjngtoiL. 

The colour of Aurorw is ordinorUy faint white, all very or delicate groan in the brighter parts; red may appear, 
©Bpeoiaily in the diffused type, or towards the lower edge of other types, and tnay pass into yellow-green. The auroral 
spectrum (also that of the night sky, faintly), hsa a choraotcristlc green line—X55TT—due tc oxygen and nitrogen. 

Liiminoua phenomena, cimnlating auroral forms, also occur (rarely) near or evsn at gToqnd level* and awing to 
undoubted theoretical difficultica (in our prCBSdt state of knowledge) are usually attributed to mist urDptlcal illusIoD. 
These explaDaticns, however, do not account for the apparent absence of reporti of such iilttsitiiiS from the regions of 
leswr auroral BfOtivity, where they arc equally likely to occur, nor do they luitkfy an actual witness of a ‘lew aurcra,' 
* S«« ' Aufurw," Eik^cLol BriUuiniea, lltb edlusa. 



VL HINTS ON OBSERVING. 

Attnoapherle Conditions^—T* the b«t reaults, objeute ihotiJd be 'li'leireii when they m t&r u pouible 

elwTo the horimUt i.#,, when near eqlimlnHtioa. ShttLafnetorf obiarviitiotit nan not he taade of qbjeota at la« altitadesj 
owing to the inoreasod interrflitimg tldokneH of the atmoiphoreh and the liaze and mist which 40 ofton obicurtt the 
horium, The oighta when the ik^ ii darkiwtj and the itari moivt brilliAntv an not alwajt the beat for Db«er?a(LaEi^ 
Paint and il3-deflnwl objecta, aqcli ai inme nebnlfe, niaj, howcTer, often be aeni to advantage on anch nighla 

During a tEght haw^ the air ia often vitrf ateady^, Kitd aplendid vLawi qf bright objecU m&y then ])e obtained. 
D the atan twinkSe mnoh, it indioatH that the air ia unateAdy and net altogether aatisfaetory for obaervatLOQ. 

Viewing' Faint Objefita—^'be aye becumes mtioh more eenaitiTo to faint ionipT^aeions after it lias bean kept 
in th* dark for a eozMiderable time. A alight change of foona it ufton raetfal to the tired oya. 

Vary faint objoois^ othqrwive InviBllila, may aometimaa be detected by arerteil viiion: the eye is directed to 
aootherpart of the field, while the attontiDO £a flaed on the *p*t where the dbject w iiippored tn be. 

fitaJtlng Not^Si Consulting Ch&rti, — A bnU'M-aya lantern with a slide W abut the tight ia of groat qse, 
A cjfile lamp may b« utniiaed by the cwcaaional obiervar. A phototgraplue red lamp is eren better, m it do« not aSSwt 
the aaea.iti'rnneu of the eye. It may be placed on a support at nama distance from the oEser^-er, and 10 dlreeted u 
to throw a/aiTii light on the book or card, when notes or sketchea ere being mado at the tBiescope, A atrong light 
ahouEd be aroidsd, os it maken tEie eye 3aaa seniitiTfl for ohierration. 

A 1111111 table to hold the maps and other book*), with a Ian tern, harfag a shade to throw the light downward!, 
lest the direct rays of light shonld reach the eye, is almost a neqcesity; a apetdal shelf may he fiaed up Ln. an nut-ham*. 
All observationfl should be written down at the time, when they are niadn. The notes ihould bo clearly worded, 
and abonld harq entered on them the year, mentb. day, hour, and minute of the obserratiou, together with the aperture 
and paw^erof the teleoMpe, and the state of the air. In Tlarihsfaine obeerrationa, the tamperatnre, barometer reading, 
and direction of the wind should also bo noted, as metoorolpgioal conditions hare some influence on the brightnesa. 

DIfQOtlOll In a.n Invertfng' Tolescoite..— In the ioverted view of an object, os leen In utronomicol telescopH 
(except ’Qregoriaiui'), to ohaervera tn the Northarn Hemisphere the upper pare of the field ol view ia aouth, whUa 
tho lower part ia north j east ia on th* right liaad of the object, nnil west on its left lida 

To obaetvere south of the Eqnator the revere* i* tlte caao j the upper part; of the field is north, and tho lower 
fliaafh; eut ia on tho ioft hand of the object j west, on ita right. 

For circumpolar atari) however (^ 1 . thoae a leas nutither of degreoi trem the Polo than the observer), tho rule does 
not hold, u the observer ia facing the other woy, and objoets on opposii* sides of th* Pole ore moving in opposite directlona, 
Norlii Pf&cedJng'i g^ v^cr three dlffieultiu in deacribing how to find a celretial object izt the field of 

view, tlie phreatt *Korth (or South)preceding)’ ’I^^orth (or South) following,’ a oertoin aiOT) are commonly used. iTor^A 
(or JowiA) indicates that the object is nearer th* Worth (or South) oelntial pole ihan the star referred to; Preeeilin^ that 
it* Htght Ascemiiou U If*# than that of the reference star, and that its E.A, is preAter, thus Indicating the 



rW*g maO. iulmlnsttna Hoetaihf «r talmtBifiBff. Bareno eul4ntniit|i9B and 

■pwMdtM- O/.'^Rwifc JrilttwlBf. faUMwini^ r'^Wws W—W^A, 

direction in which to find tb* required object. The annexed diagram indicates how the hdur^Lrale—which cqlnddos 
with the Map SN ui the diagram—^He* with respect to the horLbon in an inverting telescope, when in difierent 
pautiouji) and how a position angle (P.A.) will in oonaoquence ocoupy varying pooitiona in the field of view. 

In the diagram, th* arrow denotes the apparent path of a star with reforeore to the horiwO) as it crosstt the 
field of view of a tied inverting telescope in tho N. Hemisphere. Thi* path wiU b* boriMntal only when the object 
is on the meridtan, hut th* riiative poiltioni remain unohaiiged. In the S. HemUpbu™, Invert iha whole diagram. 
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Obs^rTjitg^ the Sun.—It d^nfjcTODii to atteuipt tO'ifitw thaSun nnluBs proper prewnttmi ■« ukeD^ 

b]bdn»flH maj be the periAttt of rubneta or i^urenoe. A pertectly sufe methwi is t« support el unDoth* vhita e*nd. 
At the distoTicfl of A>Kiut> fcNQt from tli«i e^A-pieait, sbil to fooot tlm iniKgo of tha Suu: projneteiJ: on it. Th« screen 
flhoiild b« bijld In n covered fmme-work or boi^ nml tins piolure of the Sun siewcd through a hole ku one of the sEdti*, 
If, on the other hend, the Sun ii viewed direotlj through n dnrk.-gtAM cap, a larger aporturo lhan 2 inchw <rAiioat 
safoEy bo used in the bent of euminer. A stop mode of a card, with a circa tar hole of 2 inches or ] e«a in diameter, 
should be fitted over the object gEass of a larger iostruinorit, to redure tbe amDunl of light and heat tranttioiLtod: thi^ 
hawevert tends to rodnoe the ihsj^eiife of the clofinitiotL A speoia] solar ejo-plooe can be obtained which onabEH full 
apinrtniTeH to be used with uleiy. 

Observing pF^mib^nCUS, bj the spactrotoope. The edge of the Sun'^s inuge ahonld be mide to fall on the 
nsarly^loeed slit of the ■peotroaeope—which mast be one of considerable diipersive power. Theteinsoope should then 
be driven (preferably by eloobwork} bo sa to keep the image in the same ppoettlon^ The spiwtrasoope ii next focussed 
on one of the hydrogen lines of the afseetrain^ and, on the clit being opened, the prominence will be seen. Ooodi 
views may be obtained in this way, using a 3-inoh beleseop* with a spBetrosisope having sevoral prisnia 

Obsorrlng^ Suiispots.—in studying their niOl^On aoTOn the dko from esat to west (aee nolo, p 39, as to direction 
in inverting telescopes), the position angle (fi^ the Sun's axil requires to be taken into oonaideration, as the 
apparent path variae aocordkiig to the time of the year. The spots only move Id ■traight lines across the disc about 
June 5 aud December 7, on which dates alonn the solar equator ii ^n aq a straight line on the disc^ dividing it into 
two hamiiaplueres, witb the poles exactly on the limb. At all other times, one pole alone is visible—very near the 
limb owing to fereflhortening-—and the solar eqoatcr lies on one side or other of the apparont oonlrc of the diso, and ii 
curved downwards or upwards, as are also the paths of the spots moxiinum curvature nerthwartis, aboat March 7 ; 
Boutfawards, about Sept. d. Snuspots take about a fortnight to traverse the disc from limb to Umb, and will reappear 
after the satne interval Lf they survive. IJaked-eye spots have a diameter not Jess than shout l/6f>th of the disc (31*% 
The variation of the position angle of the Setn’s axis during the year (for the Nn^rth pole) W about as follows;— 
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N ilKiBlSi ^■n^ta W u knTvrUss l4llH4|W—satrw^UM hortniv in Hi* M, lIiiniqifaciB. In UmB. anuOiiiSKn, bo>M Urn kiun^ n^nlili <lAwn. 

Ifear t>bft timu ol the gr^t«Bt ukelinstton of the sxii to the tioor-circEu, spou just appearing on the limb in the 
high spot-latitude of 45"^ are, by the inexperienced, apt to be taken os being near the potua. 

The number of degress the solar equator is belovr or above the centre of the disc cu varisus dates, is given in the 
iVoulwo^ ^finoncw, column Dq, ' HoUographie lalJtudii of the Earth,' + indicating that the spot-path is ourvud aoutb- 
wards, and — that it ia uorvod northwards. The longitude of (he spot on the nnrfivce can be found when it arrives 
balf-^way across the diso, from the oolumn ' Heliographio longitude of tbs centre of the duci' 

OlJBervinff thB Uooru —with a low power* and a fair-sised teleooope, the glsJ* of the Moon ia very trying to 
the eye, and a tinted glaat, mounted In the same way as the dark glass ol the lolar eye-pinos cap, may be nisd. 
Beducing the aperture afTeots (be sharpness of (lie definidoiL When the Moon is in perigee, (be brightness is appreoiablj 
greater (ban when she Is in apogete, the ratio being nearly u 4 ia to 3. Beat-seen conditioiu of each phase, see p.29. 

D tiserVln.^ LunAr £ clipsASt-Mid-winter eollpaeB have the best altitude conditions, udd-summsr ones (be leaae 
^vourAble* far the reason given p. 291. Firet contact is always on the B. side of ihe dien, and through the teleacope the 
Earth’s shadow may be seen sweepiug slowly across it, but the edge is not sharply defined. It should be aetiesd that 
from first to last, the 'preceding' edge of (b# umbra Is always uniformly convex, anlikc the dark terininacor of tha 
ypnCLg Moon, which, (hough oonvax at first, daily grows lass courex, till* at First Quarter, i% is straight, and 
fijiallj UbOoincB increasingly concave. Bimilarly, the 'following' edge of the nmbra is also always convex. Phvnomeim 
that may be noted are the viribility or oLberwixe of the rays, and of prominent craters, “ueb m AristarcJiui and 
Copamicus; also the variations of colour as the eclipse progmecs, on diilereat parts of the diac. 
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Obserrln^ tha Supafior Planetlt—la tomper^to IntibitdQi^ lummtr obs^rifatioB* of thMft pltnets a™ mlw»y* 
randuated und«T iinfaTaiirfcblfl oouditioni u boaUitiidd; in winter^ fch* iltitude oondition* aw tJie jumI UTBurablfl. 
Thii raulti from the planot* being » 1 w*y 4 nsAr the Eeliptid^ i* that their bighwt altitude ilwTe the ohsenFer’i 
htmun At aul miTi fctaan u tnuch the lAme that of the Eotiptic where it eiita bia meridian. At tDld-ftiimmen tnid* 
night ouifiiutation ii at ite lowertj and In raid-wiutijr at i&a highaat. Thui obeerTOra In the Northern hetniephar*, out- 
aide the trnpioi^ are better aitni^ted fur otMenring the oppoaitioni between Oetober and March, than then* in th® 
Sonthern hemifpherep while ohMcvanin the latter ara bettor ptaeod fomeebig oppooitiEnw between April and September, 
A flntiooa nlfbct of tho two-year aynodic period of Mare ii| that for some etghiean. montht or so in epcenMioii, ho 
ia yiiihie at anmo time nr ethejf every night, then becomM loit in twilight and daylight for mme four or oia munthi. 

Th^ angular diemetor, or eemi'diameter, of a planet'* dim on any date, will be found in almanaw : thr i{iagr*m 
Lndicatee, on a aaiiorm ooBle, the range of changse, and relative aiau, of thedifoa, and the faTOurablonfiaij orotherwil^ 
of the *iro of the diio oeu easily bo infemd by rofarenM to tho moan diameter. 



Heiurru Hid. ir 11" 11 * 1 . 11 ". Urenua liij^MJalp lt*ui,l#'' Mwatyptl^ lUa W“. JupiU', VJalO" M-m.**' HaalO'. 

Ol&senrttte' Hepcury and Venus^—The moet fevoarable puamnii of the year are indicated on paga 33. For 
Moraury, Southern obiorrera haim the belt condltioiui, m hi* maximum oiougotlon occur* whoo heii in &. Dectination. 

Obssrvln^ Qcsoiiltations.—Beginiioia will probably bo rather pUEsslod to know the direction in which the Moon 
will appmadh the iter, owing to the varying pooitfioa of tbu Moon'i axia with reipeot to the horiisan; the dhrectioD, 
however, is approilmataly at right angles tn the lino joining chn eiupa. or harna of the Moon. 

Tho Moon's mean hourly modem being fully the rate of approagh ia about a quarter of the Moon'a dianiELiir in 
liminutot, or the apparent diameter of HipparchiMi in aboot 2f inimto*, or of Copemiotii in about H mlnutaa. The 
tune, liowever, ie modified by the latitude of the obeerveri Ag. 

ObSBrvliig' thB Zodlflica.1 Ll^ht.—A* the of the Light approximately ooinddea with the Fdiptio, the moat 
favourable conditions in temperate laLitndei u^n when the EcUptie is most nearly vertical to the horixon soon after 
sunset, or before Btmrijie, which in the eveniDg u before the Spring equinox, and in the morning efter the Autumnal 
fM|uinox, of each hemisphere. The nearest approach to verticality is always when fi bra. H-A, is on the imoriilian {N. 
Haim^phere), or Ifl htw., (9- HEmiiphoro); at that instant, hoo, both tho direction of tbe lowest portion of the light, 
also the verUcaiity, are most easily found, M the Eeliptie then ioteTseota the horison exactly due west and due east,* 
and its angle with tbe horixon is equal to the eo-Latitndv of the observer pfiu 33^'. 

The Zodiacal light proper aannot be longer above ths horiipo than *is hours aftev auU^t, or before snurise, ai 
iti extenirion from the Sun La reckaned aa about 90', but of course it will only bs dktinguiahible for a much shorter 
period, twilight preventing observation lor perhaps an honr after euiuet, lo the higher temperate latitudes; and the 
base of the heriion obumring ita faint extremity for long before astting. For brightueaB, eonapare with Milky Way* 

Ths Table below gives tbe upproximate dates and bcure when the Ecliptic is most nearly vertical during the sh'Orti 
obiterriag aaosnii. The date* at the top are for the N. flemiaphere; those at the foot (in italic) for the 9. Hsmuphere. 
The pDsition of the foot of ths Light on the horizon for three or four houm after (or before) the hours mentioned 
ii ejviily found, as ita movement in Mimuth westwards* may he taken as about per hour, over that period; 
similarly, the decrease per hoar in Lneiinatton after (or before) greatest verticality ia, roughly, V. 

Feb, Fekia FohSO FcU37 Mar.7 MttP.I4 Mar*33 || &?pt*SJi OotT OuLti. OoLSS Oct.3Q Jfov.T 

pp.m. B30 %m, 7^ 7p.m. 630 epju. ^'30 iam. 430 4a.ro. 330 Sam. 

Auff.s Av^.Sl dpL^ £epas Apt.S AprJ5 d/vjH Apr-JHf i/ayJ 

ObsfirvlJig' the Mtlky Way*—'The Milky Way eirolei round the Oelertial poJa once each itderoal day, ita 
oontrai kuo paaaiog within 3T* of tho N.pcle, in the W of CaasiopoiM, and within 2T' of the S. pole, near a Cracul. 

In the N. hemiipbora, ia the latitude of Oritaili and tbe U.S. A*, itpaiuaa tiirough or near the senith during the houri 
when R.A 92 hra*ta4 hm are on the meridian ; ihoiwafier itapproachoi tbe harboa, till, when RA. 13 bra. ia on the 
msridlan^and, for lome time bslora and altar—it liea so slow along the N. horizon for moat of it* VLnihls length that it 
is hardly obaervable, alter whiok ita altitude begini to iuoresae agui^ The Caasiopoia-Argo aection ia viaible to ita 
THJiLTfwiiim axtetni whsu RA* fihr^ ia on the meitdiaa, and the Oassio'peia^qrpiqa pocrion wbon RA IfiK 1* on the 
moridian, but the portioiu near ths korlzon are not well wen. For favourahl* ohaerring timea, eonault. Table p, xlv. 

In the 9. hemlsphafo, in the latitude of Caps Colony and Soutliam Autralia, the oorresponding phaaca are:—over¬ 
head, B. A. lOhrs* to IGkn. on the meridian; on tbe borixon, RA. 1 hri. on tho meridian* Tho Oru±.Cygniia and Crux- 
Persena wotionaare visible to their maximuro extont wheaB.A. 20hrs. and B,A 4 bra*, respectively, are on the meridian. 

* Ths QQmpsai-dirwCKU Tvquixaa wrrMy«a f«c tbs majsiwtlo vsrutii^u ■ m 1-hish Q^YBRuneul Mspo. 
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ObsarTtaB" Varialul® Sturs—Tho 'rafiablo' u oomp^ired with neighbouring ttftn of limHar Viight^P^^ 
frnd of known mugnitada Two coraparlBon gtan im found, ono mther brigbcor th&n tha Tnriiibild, tb« othfer *tightlj 
fninteT ; Ihe m^gnitudaot tho t^arinble will be bet'^een iboge cf ihe eompiruon atATtr nisH^r ^cir mugnitudeif 

the moreAoaurwte the reeult^ Except for rough egtfniate*, acAtnlogne of magnitodeg U regnured* or & $pecln1 »Lnr clurt, 
tuoh M thofle (or Ko'itbh mnd mterevting T^riAblei given from tiine to time In the British Axtrou. Aigueibtion Jonmnl, 
or 'eer|UftiioiBs/ ^ fiUuidArd lUn, Arrangod in order of mAgnitude lor this porpiu#. 

The (intw of nuiximAtiid minima ato iwoOrded by tb# Juliftn Daj {J.t>4*~whieh beglm it «««* not EDidoight, 

(p. _nnd decimik of a day, bat observitioiu Ei&iinot ilwiys ba imule, la the date miy fidl when the itar i« oenr tb« 

San, or duriog mcTtsnlLghL The Annual B,A.Ah Handbook givM ttioful obhorving inforuLitioD^ ditea of muima, *0. 

It ii ioiportant, where povnhlo, i(ii} to ohierve the star when at it« higbeat attitude; ($) that the compariaun atan 
be about the same altitude^ «o that atmuHpherio abaorption {aee below) will eqaally aETect their migiiiLudca j («) that 
they ba aa nearly m pogeible attnlkr in eolonr to the variable, ut it li very difficult to eatimate oorreetly the real 
relative hrightneiB of two Htan diUhring widely in colour, oa, for inataoee, In the oaae of Helotgeuet and KigeL For 
a euriaai optLoaE phenomcnom—known ae the Furiiiyc J^ce^^-ooraai into play, namely, that if red and green 
lightfl, appearing equally bright, are inereaaed or decreued in the same ratio, in neitker eaie will they now appear of 
equal brightneaa; tlie r&d will intern the brightar when the light i* increased, but the green when the light id decrtaaedi. 

Estimating Magnitudes: Atmospheric Absorption,—For acaurate valuation of the magnitudea of bright 
variable star^ if the eemparkon atara are not about the Bams altitude, allowancn muit ba mode fcr the diifurence, ai 
atmoepherie absorpLion diminiahra the brightneta (apart from haze) by appraxiiuatelj the following magnitudes;— 

es* I 89" 

2^mr Sia. 

3- ] I- 

Coinst Seeking'.—tw aeatehlng for cometa, a telsnoopB of (airly large aperture and of short focal lengthy with an 
eye-pifrce of low power having a large field of view, abeuld be uieiL The obierver should slowly 'sweep' (i.e., move 
the teloBcopo in a harizontal direetion) for aomo divtanoe^ a carefal watch being kept all tho time. At the end of 
the aweep the tehjfl<fflipe Li uTijAdy raised or lowered, and an overlapping aweep is taken in the uppoalte directioiL 
Thii prwwei is repeated eonti nnonilj. ahottid a nobulomdooking object be noticed, the eomethunter must took in 
Ml oatalogUB of nebulB to tea if the ohjoet eaoi bn identilieii If net, he should draw a careful iketch of its peeitbn 
among the neighbouring itare. If in the eouree of time any movement cao bo detected, and the place of tho sua^ 
pacte<l object deei not agree with that of any known comet, ita position ihould bo determined aa accurately as meani 
will allow, and a telegram giving partieulare ahoald hm ^nt to Greenwich (or the eorreaponding) Obiervatory, 

ObsBrvlngf Tntnslts.—There ar* four contaats: ixitr^rtal eoniasi^ at iugro&B and egrefa, entering or leaving 
the 9nn‘a or planet^s hmh ; and infAT^td, when entering oompleioly on or beginning to depart from, the disc, 

Tht Blwk sooe at internal contact when Venui fsoinetimea Mernurj) m jest touching the eluji'a limb, is a 

purioui drawing-out of the planet's black diso to Lhn Sun’s limb, in a broad, hand or Upturn, which gives it the appear¬ 
ance of a drop of black ink hanging interuaUj frem the Sun's limb. In a few socotidi the band eon tracts, then breaks 
thia ntiiilerB the inaiaTit of jutortial contact uuoertaln. A very narrow brilliant cirele of light ii scrmetiines ocan lur- 
rounding Venus near firet and last coniaeta ^ It is probably due to sunlight refracted by her atmosphere. 

ObS&Pvlng" Nebalffi.—These faint objeoti lose least light by atmospberie absorption whm near the renith, hence 
thneo alTowin;^ a prcff-rctiice for the Galoctio pUnsare moat favoarably situated when the Milky Way is nearly ovzrliiead, 
but those stiowing a prefnroEiaa (or the Oalociic poles, when, the Milky Way lies near the horkon. Suitable timom fbt 
ohaarvution ban bo (uund by the DotEM on p, 11, along with thn Table of Sidereal Time on p,xlv. 

Observing' EarthshlEie.—The di^reo af visibility of theou^inM of the Maria, and of Ariatorehua, Copemisui, 
and other prominent cratont, adbrds a good index of the state of the atmoaphem The thertnometcr and barometer read¬ 
ings and direetlan of the wind should be noted, as meteorologtcal conditions hare some iufluetice on the bri^htnetsa. 

QhSfirvin^ Nqt^.—^T ha following changes generally oeour lo tba fpeetra and coLour; ^err may be considerabl* 
Variations from the normal, oome itogei. eniesing, and inLliridniil pecaliarities, I. A,.t7. Notation (192S, 1928) below. 


h Caotianfnu BpcctrUtn 2 ... White 

S. Hydfi^ea Ibss daohlB: bright ^ dnrk liare; „ 
3^ Linre widwi; coutinnom ■poLtnun fadcB. 

4. Nebula lioM spt>^r : .. Yell»w 


A iStar itow a plauetaiy oehnla. 
B. Kabul&liiHtB fidlD: Apcctruni 
naw faintly eontlnimua 
bright WDlf-RayEtbacds. 


6, Eydregflo hoeB brighten up: Red 

e. Hydicgso ISoea Ikde: Ormuga 

T, NDbolallbH mora prcuuiQDOt 

duLo hydros ooee, ... Bluish 

QA I ahsnrpitcm ImM and bright bonds (faint), Qb ; stronger abnorp Einss (mainly enhanced metallLC, many d 0 abld)and bright 
Wd*- i abflorptlon metidlie liuee of t/, enhanced metallic lines predominating,^ Qd | sa Qe^ hut gueons lines predcin- 

Mating, Qu; bread nsbulouacnuMionbanda near 401 A, 4Et40, Qx: bright bands {snhanood X, jITs); aboDTptiQnlinea laint- 

os Qx, bright uehutsz banda Qs; bright nebular and weak Walf-Hayet lianda Qjz-Ofi; as ^ Wnlf-Eojet bonds strong, 
Oocabinaticn spectra indicated by combining the smal] lettm^ placmg the ooert promineat flrvL 


Sametiinia S.A.D .—Juikn a^trcegmiwd Dsf. 













OBSSHTUfi^. 

Observing ffleteors^—Shower* Irom rfcdUuti witluD sr tk* ouvLfl of th* * dwfcjMeen' itam of locfclity 

ftre. okaorvi^blo til aigbl^ more or tesSj bet tbo obtarTini^ iatorvtl ihortent t« tba diattne* from tiitt ci.rd.4 incrRurt^i 
tuLUli for tbo more iboold tk-o ng Imi ri*tioTi-=hanr bo inriitiy houri tftor toiilnj^liiii. tlio showtr u iioTOir ollMorTaliil^ 

from that iKtltude except for t few hoiiri before lonrUe. Thui the NoTemW Ijstmid ihower ii only * mousing ooo 
■a the radiant o-qlzniiLat^ aliont and onSj riaet tbout midught^ Sama meteon froin t rniifliit joat below 

the banBon may bo viaiUe, however. The possible obeerving-lioQrA can be fennd from the etar Table on p*g* 

Tbe following are the important pointe to noLet-—Data j Greenwieh Slean Time fQ.M.T,j U-T.) of appearance J 
BrA. iind Dec. of beg inning md end of fiigliti and! doratton in sflODoda; coloar and abellar magnltyidoi ttating compariison 
et*r; patbj it atmight or wary; atiMlc nr tram, if tny+ Hid the oobur, duEntioo, direction and apecd of drift; 
any otker note*, A jfrwoJfc b the fain^ phoaphoreecent tiatnuw band, lometiinM oolonredt wkirh ondurEa for a 
time along the path ol pome meUiora^ a a ■parkdika auadl naualiy quioklj-dmappeaTiiig appandago. The R.A. 

ahouid be stated in dagreei (aee oonToraion. Table l^kw), obaarTation eoinniunicated to the Director) Meteor 

Section of the Brltisb Aatronomical Anoefation, London, or to the Ameiioan Meteor Society, Cattibridgnt Mas*, 
For counting aeeoEidi, tho well-knowu pbotagrapkio rule * One^ two^ three, ofi ; tme, two, three, two ; ito.', prO“ 
nouneod rapidly bat distinctly, girea S'ery near reaiilti. 

Llst^of Importajat Showers,—The Eadijmt position may ohanga a degree or two on lucoeoaive daya, and a 
Inok-oat ahould ho kept before and after the dates gison, m leap year adjuitinenta non wna!! variationa. For 
a Eadiant on OTory night of the year, see B.A.A. Handbook) 1923; and list of IfJOO radiants, Afsm. E^A^S.^ rob 63. 
Tho ohlamB bwlid 'Cul.' iliras iJiv ftadiul'i Bi^iiroximato kxnr «f coliuiution em tbs esOtt^) dsts, 'o' dsnpliug ldl; 'p 
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a* +*V to er {An<liom.teCanidopLk ’The Leonid*, or KoFember inet*D«, an seen at theor bcatabant oTery 33 
p1»tifei in 179fi, 1633, aod 166«v but the 1000 displsj waa not brikiant owiug to the distnrhanoe of their orbit by Jnpltsr. 

• Long jjailis, before sonriaa; Halley's comet ’ Ptma-Winnocka's oomat • Oonict 1881V. *Biola* oomot 
R. A, Hours & Mlnotes contorted into Degraos, or Tioe T«f*a; l mliL —i'. (Raadi cootinnoBily ecTMii pag*^ 


^OiD. 4iii. Sm. lOm. 12iii. lSm.20»t34m 2S 



3lBi 
3351 
34 bJ 

* lilt nf .8. HemfEpltere Bsdisats, 


32id, Sdm. 40in.44ci. 45 m. 48m. GOm &2ia S&n 


7*'1 8* 

esi 53 
374 38 
63. 

m 

B3 


list 

ItTj 

1^4 

lhT| 

1724 
187* 

aos 

an 

^ I 

S47, 

£83' 

377 : 

307^ 

ass 

3374)338 . ___ 
SeaJ 13<i3 1 364 



330 ,338j 


0 

1 

3 

3 

4 
B 
6 

7 

B 

9 

10 

11 

U 


300 ;ii 
324 14 


eo0 10 

314 >20 

3£& In 

344 1 22 
3fi9 ,S3 


s AT.A^, To1.«, p.7W, im 




























































U TffS CAHE AND USE OP TEE TELESCOPE. 

Observing' Aurop® (las fttms p. ae)^—ThoM in faTtrar^bla tetitndw ihoald '■rAtch during tilj« mon utiTe portion 
of tba sdiuipot puriod, Or trbsu tbore i« oaoiiderAbta iqIaf octivitj^^ «tpfloinl]j uoor tlio M^uiuoiiAi^ 

Arev and ^andi atretcb tKfl ikj, Aud inAy tuva ouaiiij«»hl» poruxitanw; the Utur appear lika portiou 

of orci. J?oy« or Btreninara broeq to flicker, And are sacra or Eeu radi^ to dio baod or arc; ara long briglit 

rAjiv of eEquikitd greeQ or red, like searo^b'lii^liti. Cbrioinj haro ODriooi eonvolotioiu, and afa more or leu pArallal 
to tha hodjEou, tha loirar adgo Wbg moBi ooEitmuoaiu /'afcAai an uolaUd otaI or glabular areat raumbling faint bat 
quite trauapareat cloudij J>L^ujtf Aiir^m an large are«a+ oftea eolmired, with do dcOniia outEiim Ccvrofia, rare, but 
exceedingly fine, are large Btadish-afiAped orala^ vlth dark centra, from vbiob bright HAmv dickering banda may at¬ 
tend to the harieoa. The i^ori iSej^nufU: ia tha glccmy portion of the iky bennath the aj%h or Btreameri, in Thkh the 
atar^ may ha hardly or not at all Tiaibte. Tanaai typea may be hoel during a dlaplaj. 

In If. temperate latitudear the centre of disturbaQce ia in a northerly direntlun—not neoieeaiily in the diractiiOEi 
of the magnetic polo, aa la oftaa HOppoBod^ a patchy ang^ or oorona may be ovarbead^ or eren lonth of ib Raya often 
appear to Qaah or dicker, and in htcb and banda a flickering from aido to aide ia ■omotimee aeen—not alwaji In tho aamn 
direetlou—and pcrtlona may euddenJy brighten up and become centm from vhida the diitorbanoes appear to tcaireL 
Tha chief poinu to notion are the type, colonr, brightncea as compared irith the Milky Way, height pf longer edge 
■boTC the horixon, and width; diracticn of the oentra of the diatorbanoe (allow for 'magnotia Tariaticn' o( tha compau), 
and timee of the Tarioua pbaan. Alio note tho baromeCeTand thermometer rtsAdingi, and direcLian and force of the vind. 
The angnlar hrB*dLh aed length of persietent area, baoda, and pacehea, aboijJd be carefully gauged by refempoe 
to the diatande between nelghbcnuting etan; aUo tho angular dtitancc, from weM-known itan, of the upj^r and lower 
edgea. The notee ahauJd be repaated at jntorrala, the timea being earefnlly noted, u the height and diiUnoe of the 
anrora might he oalcalated from elinuJtaiii-nuB obHuirvaciDna (a^d notee to the E.A.A., Aurorm Section, London), 


vn. THE CARE AND USE OF THE TELESCOPE. 

Astronomical Teloscop^S am uf two kinde^refraeting and refleeting. Both nrietiuB are rated aBcordingto thefr 
■aperturfl^' as the c^rnirdiauvotarof the large Eetia in refracting teleacopea, orol the mirror in reflecting teleacopee, is called. 

The Larger the aperLsre, the more powerful the telescope in ^ligh^gatbe^^ng' powor+ in ttndering Tiaible faint 
objneta; and, ai thia power (thaoretiaally) increases in proporttnn tp thesfiMirrof the diameter, a telosoope cf finches 
apcrtiLTU la twice aa powerful aa poe of It inches, while a i4uch has nearly twice the power of a Sdneli, or fioqr time* 
that of a S-ineb (aotuai ratios, +, 1$), In rsfnwton, howe’rer, the theoratiEial power {all^ olf rapidly with inerpasing 

diameter, the ever-thiokening objoat-glau abaorbtng more and more light, though reflectura under lOibs. are not quite 
10 powerful as rafraetarBof equal liie. Por astrenouiiusl purjmaea, a ^inch telc«op« ia about the emallcat that can be 
UbbcL with sattsfactioji^ though piesaing riew* of many obJectB may be ebiainod with Bmallor telescopes of good quaUty. 

fglsor dpar<w-«; 1 in. IJin. Sia. iiL ^ in. Si iu- 4 in. 4|in. bin. 6in. Bin. lOin. 12iu, 
Ulimfi Mti 2 t elividtid fapjn^.) aiJi" SSS" 1 Si” I AT" I snT 114'" l-QT O^r B-ie" OSr t>4e" 0 3tf* 

< „ Jinag.fl-0 B-® IQ-fi llfl 114 llT IJ-O IS 9 ll’U IS-® ISii UO J4'4 

THE REFRACTOR siMotiidly oonBiata of two convex lenns^^—(1) a large one of considerable focal length, known 
H the oJifflfi whieh forms at ita lEKnia an image of the distant star or ether object, and itiili a nmall leoB of mueh 

ihortur fcK^l length s this is called th* and is used to magnify the Image formed by the object glaBa. 

The Object OIbl** is the most important pan^ of the refractor, as its excellenoe depqnda on tbe aceurady of the 
emrrea nf the leuses^ the highnuBB of their polish, and their Lrau.Bparcncy. In all aitroadmical telwcopes worthy of 
the name, the abject glaBn i* ‘aphromatfe^; that is to say, it is cempoMd of two {sometimes three) lenses of equal lixe, 
but made of glasses of dilF^rent density. ThcBU ir« «o praporttened aa to form an image almoit free from the false 
eoloors which are inevitably preaent when a bripht object ts viewed through an object glass consisting qf a single lens. 

A gc»d object glam requinss to be tnatod with the moat eorupulous care. Follow carefully the notes qn p. 4&, 

THE BEFLECTOR'—In this form of teleBcopn a large, cancave, paraboUc^urvigdi mirror taksq the place of tha 
object gtase of the refractor. Tha largo udiror Is bald in a coll at the lower and qf the largo tube. The myi of light 
from the object paafl down the tube and are redacted haolf. The reflected, cenrorgaat rays are intorropted-- 

{1} In tho "Newtonian’ form of teleuoope, either hy a sqjall, elliptical, plane mirror {"flat^, or hy a right-angled 
totally reflecting prism, which roflecti them st right angliis through the side of the telescope to (ho eye-pie«. 
(3) In the ‘Cassegrainiftn'' form, by a snisJI Eonvex Tnirror, which re0ectB them hack ngaio, through a hols in the 
centre of the Largs mirror to tbo eyepieos; or (3) in the 'Gregorian' form, by a smsll ooucaTe mirror. 

The Newtonian and CaBBegreinUti forms, liira refractort; gCxU an iiiTerted image; the Gregorian, an smitf image. 
Tha Oassegrainian form givos a groator foes] length and larger image than Newtonians of the ssinS aperture and length, 
hut its field of view is smaUer and the imuge fainter. Groat tohiscopeB am sometimea designed to use both forma. 

Minww are nsually moda of g\iua^ on which a film ef sflvesf ia depositBd ahemically ; thia is voiy tosily taraEsfaul (p49h and 
vaporised ahnzunium is now oftou used, whsoh Is about aa Effiaiept u fresh ailror, lasts yoora with liUlc dcterioratioiL, and ruflncti 
the nltra vlolot rays and hlno and uf the opeatrom better—of g«at ailvantogs photognphicatly—hat the red and iohu rod laya 
leas elEdeutly. BEamloRS steel mirrors Isat well, but only giva 30% dSeioDcy, oo-mpsrod with the S(J% avenge of fresh allTir. 

An unsHverod gLass mirror and ''flat"—which roduiH the ounlight and h»t reflected by wme 80%.—tm^la solar chserratLoos 
to ba mods with Mrly large sporture^ giving improtod definition t * dark glau cr solar cyepiKe, howaver, U still nso«ary. 




THE CAEE AND USE OF THE TEIESCOPK 




Eye-ploceS-—TH m* ire Ojeed to msgui^ the iniage formed by the obJeot-glsM or the large tnlrwjr. Tor Teiy high 
powen, uid in epecUl CMee, a iingle Een> Is sometinoes need to minimiw Tci«e of light, but getui^ndly an eye-pfeoe 
oomiitH of two lepoee^B Fidd fqrthevt from the ; and an fye Ama, nearaat tho eje. The&o are uiount^ in 
a short tube which aerewa or, profcrabSy, slipi Into the foouBslng'tabe of the teleecope^ 

FciaitiVO imd Neg^Ure Eye-pieces.—Eyenpiecea are of two tjpee:— (a) Faritivey in whioh the Jinege'plaue ia 
outside the eje-pieoe—between it and the objeot-gleea or mirror—eo that it cao: be naed with a miorometer (I} Nsgatini, 
which cannot be employed with a micrometer, h the image-plane liea inaide the eye-piece. 

InTerted. Imagep—All actronomical eyo-piece* show the abject Inverted (unlw ofled with GregDriana), but this 
U of no disadvantage in practice. To make the object appear right way op reqaijnea additional laoBea, or priama, which 
abflorb light, making the Itnage fainter with no oompemating gain. Aman g mnny Tarietjee of eye-piecaa are the:— 

Hof genian eye^pieoo (ms^td'rt).—The moat Bomniaq form, nwo ptancHS<nivflLt loniKa taviog their dat eurfiMM EowiirdB the 
eye. yote ilut, though rM^tivci^ fine oroM-wire* «ut be ibaert^ ou its diaplirngin, at the foeim of the eye letu), for use in 
a “hodor" or fur ''guMitig" in oolutial photography—omiig cement, or Uir^iug through wnal] hdeo. 

Rainadcci eyo-pdiBce (poeative),—‘Two plmKh-ounTHr lonaBB with tfaeir plane facea otttwant Field of view ’“flatter'' that 

of tlj.« Huygenian, C«., not w biting round the edge* whan the oentio ie ehorply focusesd. Parfarma weli on. planata. 
Tollea Solid Ocular (negative;) ia firaetleaily a Euygonian aya-pieiM mode out of a wngle glsw oylindar, the Ibdl of iti 
eurved ends falling inside it. Tranaiiiim more light than the Euygenian, and gtvtd viiry gcK^ dcBnitlon whan wall mBdo. 
Orthoecopac e^pioce (pewitiTej contaiEis a triple flelcl Jeiw and a nmple eye lana. It yielda a flat field (to from diatortion, 
and la apaciaHy rocommeoded for medium ami high powcriL OrtbasqiTpi?'’ meani giving a correct hnagu.) 

Kellner eya-pioce (pfieitiveX A Oonvea or plono-convBi Bald leita with a much atnallar uvcr-DorTBcted plaqExaintwi achro* 
marie eye lens. Field very large, ulovirleH, and ‘orthuacnpiu's low powen jue amtahte faroometH and ecattcred ohjeote. 
Mooecentric eye-piece (poai tive).—triple ccmanlorl taim, particolarly recammeudod fetr the crittcal atudyef limar and 
pSanetaiy detail, aa it glvn exqouita deflciirion, and freednra In^im ^ghoatfl'] ita n-mnll Acid ii iti weak p<>inL 
Barlew Lcoh,—A concave or amoavs-menuiotui lane of altuut 3 itLchca negariva focal length, moaEitcd In a ahort tube—made 
a elidipg fit—ioaide the oye-pleoe draiF^tubf!^ and placed hetweeb tbs ohjectiva and ayc-plOcC, 4 Or & uil from the ciya-piiea^ 
It iucreaaee comriden^hEy the fwal length of the object-glou or miiror, giving an imaga of double the aise, more or lem, 
aocoediog to its diatauco from thn eye-pioca, Thle valuable davkx, at the c«i of a nlight Iobb oflpghti Mtd a tflodeDcy to form 
*ghDetii,' giTce a flatter field and va iucrewe of the powers of all eye-piecai lunidr thua doublinf the oet at email expean 
The power of a teleeoppe depotn^ ontipely upon the ratio of the focoi length (/j) of tho object^ 

glojiB to that of the oyo-piece (/^\ the formula lieing/j ; thuA with an ohject-glou of 36 inohea focal length, and 
on fly&-pi€!oo having a focal lougth of ^ inch, the magnifying power will he 72 diameters, nr ** power 73 " ae it if termed. 
Note that, aa the power k incrcBacd; (a) the image gets faint&r, and the area included leea; (^) atora pees more quickly 
antoBS the:Beld; and (q) the atmoapherlc dUturbiuices are also magnifled, u well oa any vibrations of the stand or ground. 
It is advisable to have at loMt three eye-pieoei of different power— 

(Ij, On* of low power with a large “fleld,^ (that la, ahowing a ecosuitrraye araa of the shy}|, for viewing Oometi, large and 
aostternd clostarA and oitcndHi ocbalB, magnifying 6 or If!! timoe per inch of aperture. Thus, on a 3 in, tDlBBccpe 
tbc power may he from SA to 30, or fora 4-1134^ 32 to 40. For average «y«A aperture x 4 gives faw«r useful power. 
(S). On* of modcrato powisf, magnifyieg iS or 30 litnas la aaoh inch of Bpertn,re Tli-lOO fora S-inch, lO^hllOfora i-inch. 
(3). Om of high power, Euogaifying M or 60 riiqu tp each iooh of apertuTe **160-180 „ „ B00-S4D „ 

When ejpnrlmaoe hu been gained, tho obeerrer may somaitmas iue oyw’piecee of still higher powers—.the extreme 
limit of nsnful power hang about ICKl diameters per inch of aperture—but, a* a ruio^ to advantage only on oloso douthte 
itara, when the telescope is of hne quality^ and atmospheric oanditincia most favourablA Such night* am vary rare. 

To fltld Focal Lengths*—{«) 0i^«ci-gian or Mirror. Hemore the eye-place and stratdh apieos o! aeiui-bransparent 
paper over the end of the draw-Lube, Point; the tel*«cops at tho Moon, and focus her image on the papsr Bcnsen; th* 
measured diaiance between the bank of the objeot-glasa and the screen—in Newtonians, between tho centres of the 


■uriaee* of tho larg* mirror and dat, and thence to the screen—is, for pmetioai purposea, the focal length required. 

(6). Jfuifffeniftn vide twice the product of th* focal langtlMi of the two lenses by the sum of their 

focal lengGi*;, the quotient ia the focal length of an eqaivalent single Imui^ 

To find tht Power of an Eye-pieco.— Make a scale with phaiuly-marked equal divisions. Set this up at a 
eonsidtirtkble d [stance away, and, holding both eyes open, view the scale through the teleseupe with ou* eye and 
diroctly with the other, The number of divjaiipns on the scale, covered by the magnified image of one of them, is 
equal to the magnifying power of the eyo-pSeeo usad, For low pqweni, a distant brick wall will serve as a scalp. 

Another method.^—Focus the telnsiwpe on a tur. Next morning^ without altering tb* focus, point the tnlescope 
to the bright sky. When the eye is placed about 10 mehoH behind tbs eye-pioce, there will be soon a imoll, clearly- 
defined dise of light. Measure the diameter of this disc by means of a Borthon Dyoiuiiometer (a*o p. 47) placed 
against the eye-piece—a pocket lena, of low powBr+ should be used oa an aid in doing this. The magnifying power of 
the eye-piece ia foood by dividing ihe clear diameter of the object gloss by tho measured dkinoter of the bright imaga 
To fln,d th^ Diameter of the Field of an oye-pieec, obeerre how lung a gtar situated near th* equator (for 
isstanoe, * Orionts, or y Vtrginis) riikca to p&ss cencrally across the field from oti* side to tlie other. Thia time, expmased 
in mirtutoi anJ osconda^ when multiplied by 16, will give the diameter of tho fjold m ininute* and woonda of arc. 

* WtaiB lbs dtslEDH AiKirt of ti» laom d ii squal U) lull Ebti hub ef Usikf fiMal lecslha, (/i-f-jf3; ibq Rw., / 

W. F. A Elllam iwdati trat tliat as tbJi diitaim k aot BlnTi k^pt lii> Uia intrri^lpmiiilafcrall Asiqliltiatlcu ii:—] l«ngtb^ 



TffS €ARS AND WSN Of TEN TSLSSGQFE. 

TESTS- 

Hkwl perliinftMiM dI % Mwopa oa ft eolwtiftl is oolj wallj wtirfftetopy tert. threagh » 

baftfing Iti bigiwat pow*f< ft ftiod itftT of iMond nugottndA fthpuld weU-deEnftd* 

djrolM diio of light, ftlraoat * poini, ftnd mrtouiidod by om or two tWo, «(»i«»trie, bright ring*. Thara ibcHiid bt 
Drd M** rfcji ol lighl., ftod bha rert d tbo flald ihould bo ttnifopinly dark* Tho tolmeopa ftboold OCt, howorori be oon- 
dftfODKl too kHtHy, ftft fcn infarioi: eye-pieoa, or tho itoto d the ^ (»m p. 39), io*y be rtspooiibla lor ft|tpftr«nt ddswto 
In the object gku. k oloto doable itor with rory oaeqnftl eamponenEa fomu » temt severe test A tolesoopo of the 
finest ^oBlity ihoold separate a double, ociMiatiag oE two Ctb magnitade star*, whose distance from oentre to oeatn in 
of ifc u eqasJ to 4'fi6 dirid^ by the aperture expreiisod in inches, (leeTablep. 44), 


ACCESSORIES. 

—Muuh depends open the rigidity of the telescope stojid, and good ofasenratione most not be expected 
from the open window d an uirdinatj room, m the fibretion of the fioor, aitd the mixed ourrontft d ftir^ tot the 
object bemg riewed dsnoiiig. For smali telee<x>pe8, the ordinftry^ altaiimoth, tripod 
givrdAO stand is mont convenient. An unul pipe of aboat 4 inches dumetor,, partly 
sunk in the ground^ and raniniEH] full of clay to deaden rihratum, forms a good support 
for a tolescone of niorlerato else^ 

The EgaaUirlitl SC&nd is of enonnotH sdrantoge, bat Is rather Axpenrive. It has 
one of the pi-rota, or axes, which carries the teieaioope, directed towsirda the mlestial pole, 
(being s^justoblo for latitude). The reonlt Li that a star may be followed by a single 
eircuEar mQVfiDient of the telBwope, instead of the instrument haring to be moTod Imth 
in altitude and axinnth. A make-ihift Is to ecrew to the stauid top a wooden block cat 
offat an angle, as shown in the illuslnitioB (A), and which has a V-groora, with sidto as 
an angle of cut along the inclined face, for rem¥iDg the pillar. The daw legs d ^ 
atand, folded op, will act as a eotintorpoisBi and two or three acrew clamps will keep the 
pillar firm. A piece of bard wood (net shown In tbs illostratinn)* sJic V-grooved, ahonld 
be interposed between the pdnt of the screws snd the pillar, to prevent dacnage when 
tightening Up die acrows, A somewimt umpler ooDstmetion ie to hinge this npper biook 
at onq ride to the Inwnr block, and pus the screwn through both blodca at the other 
fide, as shown in the illastmtion at (B). 

of the sloping top, from the vortioal, must be the latitttde of the observer mbtrseted from 90'. 
for iatibode 39' it will be 00* - 33* - 

FLndef.^A Auder ia a small tdosoope fixed by snpports to the body of the larger instrument. When high 
powers are med, this adjiinct if a neoessity, and in all eases it adds much to the comfort c£ obierring. The finder 
inay bs inngbiy adjnxted by day on a distant weathercock or some ether definite objeict. To improve the adjustment^ 
bring the polar star into the oenbice of the field of a low power «ye-pleoc on the large toIcampa; then alter the dhw 
tion of the finder, by means ol the adjusting eerews, until the star image Is in the centre of the field of the telewHipe, 
a»4 also bisectod by the croB wues of the finder at the same moment. New replace the low-powcr eje-pieos by one 
of high power, and perfect the adjnxtinents in the same way. For small teleaccpes np to 9-inob, ^sights" similar to 
those on rifiee oan be armnged (paintod whitejT which will be found of some serri» 

DfiW-Mp<—To guard sgoliut the depoaition of dew on |be object glass, make a tubs of tin, cardboard, « tome 
inch material, about 9 inches or 1 foot long, and of cneh a diameter as to fit clusaly, but not too tightly, os to the 
object glass end of the tuba The inside of the dnw-eap should bo coverod with black vrivet* or painted with a 
mixture of Jamp-hlaek and sito. Black blotting paper is also fluitobln 




Star Dla^oniJ-—^An Liahaped tube oonUining a right-angled totally'4nfieatLng priim. One end of the C:ttiing 
ictewt into the foenHiug-tobe of the refraator^ while the other end ia screwed to receive an ordinary syopieoeh Its naa 
prevent* awkward poaiLicmi of the body when riewing object* at high altibndcSf but results in some loss of l%ht aod 
dcfiuitioM A apodal diafonil is made for the Sun, whicli only teenires a light shade glau (see note on p.49). 








MQUjLTOJUAL STAJfA V, 

Berthon''9 Dynamometer (or njEsaunrinff S^uge) » » Uttl« ijMtrumfint med for mewsuTiidg the ol 

nD«IL objireU. It, hu tw<j Q^b laetitl aides, the intornjLl edges of wliieh meet towardi the eod, end mn ineliaed 

to eadi other et a emaU angle. Ooe of tbe edges ia graduated from 0 to ^ of an indi. The Egurea on the icofo 
denote the width of the gap between the t^o straight 
•dgee. To ineuure the diameter of any traall objcot 
by meana of this little appiianee, it ia obIj mseefiaarj 
to see at what part of the tcmia the object ju«l filla 
the epaao iwitwecn the iotemal edges of the gauge, 
and then take tho readmg from the scale. The 
■cale 14 divided foto 30 long dEvbtiona of 01 or 1/lOOtbi of an Inoh. These ar« mbdinded into parts, each eqnaV tn 
■002 or l/SDOtha of an inch. The fint two long diriaioiiaare again dlTided in to parts equal to '001 or 1/l OOOths of on inc . 

Telescope House —A t»ll folding eletheahonie, with a ihatt flied to it. ind itayad by teatrropafl, form* » fair 
■abfttitnEe, whieh will, bo aome extent, ihield tho teleMopefrom fibratioli by the wind, and add tn the obsarvor'e eomfort 








TO CONSTftDCT A SIMPLE EQUATORIAL OE ALT^AZlIflUTH STAKD. 

Bt following tbs direotiona a&d studying the diagranii gisen, any bandy amateur, with tlie aid of a few simple tools, 
will bo abls at a vary low cost to oonitrnot aa D^oient equAtotiaS or aitiiimoth stand for a S-ineh or imaLlsr rafrncii- 
ing toloMope. If made on ■ larger loale and of oonaiderably ihioker inaterials. the equatorial head hero described, 
mounted on short, strong, fixed logs, would da sqnally well for a rofleoting toloMope of noderato liaa. 

The Log^S —Tako 3 deni hoarcU about 6 to e| foot long, 5 inohw wide, and I inoh tbiok. Mark a point 3 mohea 
(rom an odgn at one end of the board and another painl S inahoa from the same edge at the other and- Join the 
point! fottod with a straight line and saw along it, This will divide the board into two equal fiat pisosB^ each 1 inch 
thick, and tapering from 3 to 3 inohei in width. These two picoos are joined togetbor at distanon of 1 inob an 
S inohee from narrow bottom end by It-mob sorew. (Ifo, 9 or No. Id, about ^ poeh diaraetor). The two laths 
are kept apart by blooki of hardwood out from » piaoe bavtng a 3 ineb square Motion, and held in plao* by screws, 
Tinas the leg is formed ■» shown in Fig. I, whkh is on a Male three times less tiian. that ol Pigs, 3, 3 and d. Tho 
laths should, not be scmwed together until the braaa plates mentioned Ister on ha’^a bean fitted. A metal plate (p) 
sawn or filed to a bldrtt point, may be acrowed to the tide of the foot, with tbs point projeotlpg. 

Tllfl Top of thft Stands —This is bust made from, an iron UMting, for wMob a wooden pattern will be required. 
The pattern la laadfl of ^inub mahogany fratwood, eut to iht ihapa shewn En Pif. 2, and itreugthsned by having 
a 4-inob bevelled disc of the same tnaterial glued and screwed on to it, lo that the central part is | inob thiek. Each 
of the tbreu projecting parUi of the easting im 
either drilled with two ^ inch hole*, each fmeb 
distant from the 3-inob edge, to receive ^ineh 
bolts, or, aa an alternative, .^^Hnub holes may 
b« driUod, and tapped i-iticb Whitwqrtb to 
ceceive metal sorewi, A |-iiioh hole is drilled 
through the exact cseutre of the disoL Instesd 
of the casting, a piece of tongh. hardwood, 
moh u hoech, cut to the latiift shape, but ai 
InsAt 1 finches thick, may bo used. 

The Leg PlTOtA—Cot a i2-inoh length 
of J-incli brass bar into three equal picdos. 

In a lathe, titrn hajf-an-inuh at each end into 
abkntod tone {0, Fig. 3), the small enter end 
boliig ^ineb in diameter. Ff no lathe, file the 
ends to the same shapo m oarvrully as possible. 

These bars are now drilled with ^ inch holes to 
oorrupond to the boles in tb* tojt, and are tiisa 

lorewcdor boltod totheUttdflTiideoftbeirentop, , . . ., * s 

The Hln^e Plates.— To the top inner aide, tod towards the back of saeh o! the lathi forming the legs, is firroly 
HrsvKl • a»t. hn*. pl»6«, 4 imhM Ion*, 1 inch wLdo mJ A-i""!- (i'V- 

with tho top of tb. lo*. whioh ii roundod off .t tho ontat top mroor. ond hu in it nonr tbo top o }-inch hole dightlp 
odofsod. ond oonrf lo Bt oeor the oonioel pine *t C. B i. . J inoh bolt ioohoe long, torin* . nut. beonn* on 
t weeboc, wMeh nal on being eorowed up mehoa the hinge fltm, »nd ndjuiUlilo for wetr. 























SqUATOHlAL STAyD. 

Th.B Heftd (Fig. 3).—For tLtv iante pieoei {tf oitk or tcroiig tis^dvood a fall inch, ttiiok aro recjuiiwft 

b»ao 14 otmolw, 4£t[l bmd, rtntrellj fiaod bj iorawJ! in » reosu in tb® b^tbonii «i pinto w^ith * f^inob WhitworlA 
topped hql®, to mMiro o larew whiah clojxipfl ihs hud to the ■toUii Thi« plote mt^bt be fixed id e roceu oa the 
qpper«ide of the rouiid hue belore the xagLe pieee doki referred Co ix fixed in |Knrtito& 

Fixsd tA the ba^w w the tropeiuoid or angle piece of i-insh wood (Tb Strong glae md Ke, IS wreweihonld 

be ttead for fixing the perti. The top of thia piece mast be out o^et luck n ilope tbxt the xngle irhioli it make* vttb the 
bnoe fe ecjuxl to the Latitude of the ploee where the otxnd ii to be lueEl, A piece of wood fi in. k 3 in. h 1 in. ii Hrrwed 
to the top of the tEwpOEoid piece, end the whole u itrengthDnod bp adding the eide pi&Cefl (K) which ere I indh aqoere. 

The Polaf AJCIs (P) ii mode of bright mild iteel ronad rod, |-iuoh La dLetneteraad 1inehei long. This ote&l 
ii euilj obtainebl* et Iju-gn tool end material iCerex The Upper end of cbe poUr exis (P) ii driven into x rxtber 
aoudler hole in the bloob (Y) wbioh it of herd wood fi incliei long bj 2 inebea iqunre. Gere muet be teken to pieke 
thii hole et right englet to bbo hlouk.. A flinch hole ii drilled ihrougb block end icEk, end e hoU ineerted. 

Tftfl Bdat^lDgfS (*i *) Tnej be limplj holoi (|-inoh) in the hardwood bloats, with n aimple aplit nrrangemeiit for 
ukiDg up woxr i but it la mom utiafecLor^ to eh largo and iqunra (alightl|‘ nniloroatting) the greetar pert of eeeh bote, 
end) with tho axis in piece, to pour in molted tin or pipe uonipoeition (lead end bin) to form more dureble baiiringi. 
Before poaring the leed, oont the exit with e mixture of bleok leed *hd wetorend ellow it to drj. If, when ell la 
coldp the axis unnot be twitted ronnd, when oiled, it aheold ba hammered endwn^x with e mallet. II thara la 

■till trouble^ eat with an old sew elong the dotted line (Fig, 4), through wood and bflLfing-Hiatai down to tho exix 
The upper halves of the split bearings can then be held in place screws. Similnrlj for the bsiiriiigi (y, y)- 

Thfl Beailnatloa Axli (D)i auotlior } inah stoBl rodi about 14 inahns long, la fixed, like the polar axis, at right 
angles in an 3 inohes long, 3 inches iquare blocks groovad for ikawhols length on one side to receive the toleicopa mein 
tube (A). The teleseope is fixed to tbe block hjf means of leather straps or thin tnotal bauds. Thin j^uich metal 
wiaherp are placed between the blocks and the upper bsaringi of both axes. The balaacu'weight or oounterpOiae (w) 
is formed of a sranU round tin filled, with lead, to which a piece of tube that j ujft elidea over the axis hu been ceniralljr 
fixed beEora the molten lead ii poured Ln, The weight in so adjnoted that it will counteract anj tendency of the 
tfllujiccpe to awing round by its own weight on the paiar axii^ It would be quite posaible to fit graduated airales to 
thu simple heuct Celluloid circles can be obtained cheaply, and could be mounted on wooden dbce of the same size 
—an addition whicb, with a cramfnlly adjmted stand, will make possible the floJlng of fdemurj and Venos in bright 
dayhgbt and of itarm by night from the placsa given in oatnJngUBX. But, even without airelea, the ad vantage ol being 
able to watch a star by only oti« mcvatnsnt will be found to be a great one. 

Alt^&ZimUth Haad.—For this only the parti A, D, Y, W (Fig. 3) are required. Tho polar axis P is replaced 
by a I'incb bolt which paasns vertleaLly and without shake through (.he central hole In the meEal top cf tlie tripod. 
A fiat brass plats is screwed to; and protects fmm wear, the Lower side of the block T, which reefs bocieontally upon, 
and can be turned in azimuth ahout^ the metal top. Turn ur sorapo the top flat, and greous with vaiolino. 

Ad^justlng the BquAterial StAnd.—rh« oompleted stand is set ap to that tlia top of thfl atand La lein-h with 
one of the legs of the tripod, placed towards bhe south, and with thn Isga set well apart. Three strong cords of equal 
Inogth ahoultl be made Uut, one end of aicb to a central ring and the other end to a icrrw ring, fixed in the central 
crois pirce of each leg i this is a precaution agaiast a possible aooident. 

^e telascope tube is next sat as nearly at posalbla patalleL to the polar aria, and then, having slightly Icosencd 
the clamping aerew, it will be suffieieut, if no graduated eirolea are naed, to gradually turn the equatorial head dll 
(in the Karthern HemixplieM) iJie Folo Star la seen in the field of view. The haid is bbeu clamped. Any alight 
adjustment in Utituds reqnired may be made by moving the sontlieivii leg of th® tripod either Inward* or outwarda 
An alternative to the cords, which also renders the stand more rigid, is tho addition of thre® 
stretcher bars, each roado of two puraltel caatali atripiL, fixed f’ijlch apart, and riveted to a abort 
cross-piece at one end, and to the flap of a firm hinge at ths other. The other htuge-llap is soniwed 
to the central croaaptece d the leg, as ihown in the illustration, A f-inoh bolt with a wing nut (a) 
passea through the three slotx, and clamps the bars together. 

When graduated circles are fitted, a more accurate adjustment of the eqnaEnriaJ head is 
necessary, if it ia to be of practioal usa With a movable staml it ia well io have som® m^ans of 
replacing it in tbs same poaitien when onen It haa been carefully adjusted, or much valuable Umo may be lost in re¬ 
adjusting it each night. Three atone slabs, or ooncrets blocha, having oouEnd gun-matol or brass plugs inaertod, aro 
set in tbs ground at tbs oomow of an equilateral triangle equal in airs to tho most oonvenient leg base. Each metal 
plug hm a hole nr recess in the top, in which rests the previnualy mentioned metal apiko attached to ths lower end of 
the leg. The adjustment of tho head proper may be effertpd by meana of ihin wedges under tho head, or, bettor, by 
three screw* paosLag through the metal top of tbs tripod and hearing on tbe under aide of the base of the head, which 
should bs protected by a circular metal plate blmt rssta an tbs point* of tho adjtiatitig lorcwa 




EqUATO&IAL STAND. 49 

Iflia pol*j tfiwbnli whlob th« po]jw mia vkpqlil bo directed its nwrlj ha pQioible^ lies nboat I' (two Moon 
breadth!) distant from Poiiuis, aiiid very nearly oti the straight line joining pdlaria and ^ Urjb Majaria—the Uat ttar 
in the tail of the Great Bear, If th* time is chosen when the Pale eter Lmnsita aboTO or below the pole {see 
and the telsaeope (fiat as before, pamllel to the polar axis) ii dLracted towards the Pole itoFr lo that it apiHinr* in the 
ceintrfl of the Setd of T^ew^ then a lowering or a raising of the aaia thmngh IV by roeana of the uiuthem adjusLing 
iOrew, will make the adjuetment sufficiently ocottrate for finding an object when nautg an eye-piece of low power. 


HINTS ON QLEANlNa 

Refracting' TeLa^cope-—’A good object glan ia so detioatelj figared that it abonld be cleaned as rarely and 
Eurwfully aa posaibli^ for fear of afifectmg the accuracy of iti form. (Sec 

Tb« toiisef ahould neser be taken out of tbmr ceU by an inaaporieaced peraon. 

The object glaaa should be beM in ite eell with jcut ialfic!49mt “play for a slight rattle to bo heard when it hi 
gently ahaketi, [( aqrowod op tightly^ it caoees itraLna in the glaas wkiob mar the pe^rfiacit dsfimtion. 

Hefleollngr Talftscopft—The ailrered mirror requirw to be kept with Tety apacial oare, ae the aUvor ii exceed¬ 
ingly liable to taroiih^ especuilly In or near large townSj from tbe anlphnrou fmofiii In the air^ The owner of a 
tofiodting tuieacopa ahottld^ tberefoto, procmre aod study the '"Hints on nefiectors,** wbiidi hare bem published by 
ceversJ of tha leading makers at these instromnita. 

A slight stain causoi merely an Lnesoniidarabk loss of light, but, If badly tamishedji the mirror must ho t«-siivejcefL 
Thk process may bo suooaasfuUy acoamplisbed by the amateitr^ with little difficulty^ and at no great expense, if he 
carrfully follows the direDtions giwen hi the books just refemd lOi and naei pure cbeisioala 

Care of the Teleaoopa—Before remoTing the telescope after the night's work, oower the olgent gl»M *r mirmr 
with the metal cap proYided for that pnrpoaft. 

Nerer take the instrumenS;, from the oold outer atr into a warm roam^ or the object glass will become diw^ 
If tbifi ihonid bappanj the object glass coiut not be left tn that state j but it should bo placed in a warm room, at a 
Safe distanoe from a flre^ until the moisture han Tuiihod. Any staios left on the glass must be remo'ved by gentle 
poUshitig, Kever wipe an objint glass when it is damp. 

Clp fln lfii g tbe Lensea.—When it becomas neoeaaaiy to clean these, any dust should first be remoTod by means of 
a eajnsirs-Aair h-nuK Then tbo lons should be wiped rery gently with a pieoe of Tory fine and clean washdeatber or silk* 

Whan not in nss, all bruahoB and materials employed for this purpose should bs narefuUy pretocled from dost 
by kuping them in clean stoppered bottles or sir-tight caios. 

Salnr Bye-places,—The nas of asnrwd or deeply-oclound Kirlow lens with an nnliiijiiy ^-piece is a aimple and offimtiTi 
way efredudug the Sun's light and htai. The chief ohjeetioa to the siLvmedkiisis that the film Is m easily ecratcbecL A epeaial sclar 
diagotHi (Sir J. Bersolnl^), lu which only about ^th at Sun's light rejected iihim the first surface of a eanow prism, Is proonr- 
ahl^ With ihia, tbs adjdiMcn of a li^t shads-gLaa is oeccBoary. SeelltastreUaalaFn]ictm^s,ffdi/-irswjTWf1eA^tAar*£dits^n«wcdn. 

Hnlicaofipw, qr Helioeoc!» eye-plows, depending npn plarisatiwo, rednoe the Snn^a light aufficicntlj to eonble a dark-giaea 
to he diepepaed with, hut they are somewhat wmplicat^ and tapensive appliances,. 

—Small instrumants for idewmg ebeElar epcctra can be had at a oompsratlTdy low pdw j thwe screw 
on to er fit in the eye-piecie tnhe. ThoH fur Tiewing praminr-noos^ h uwemr^ are much more expansive^ as thediepemicn required 
is cooeidereblni and pcToea are of thei order of ^ upwards. It wonld be o great boon to atnaUiur aetrononiiini if somo 
■aterrirtstDg optisian ooukl bring out a satufaatorj lustnmicot for half that sum, or lere, 

A^tiN^DCiDilciLl PhotAgfiLphy,—AnyonD pooBKliig an oqnatdrisl teleawpe with a stow watw-wheel pmtluii on the polar idds^ 
can take good etellar (cw oometary} negativea in a boa uatnere attached to the tuho of the toleaoope, using ordinary phutetgraphio 
leones cf or gnutor aperture^ which ahould be earafiilly foomaed by trial expesoren ; a iMiring okek ie not eseentlal, though 
adtraategeaim The talcscope aerres an a * gnidsT,' a star being befrt steadily on crees^wirea In the eyepLeoi j these wina an easdy 
be added to a pmltiTfl eyopiece bj anjuae aoonstomed to use tncla. Eipoimjrea are retber lengthy, fivin khzlu twimty minatca 
upwiinis—to hours for fiunt stare—Aiid require patiencek 

Host nfreoton are not v«ry suit^hli! for taking jjbotofnphs of the Sun and Moun tn the telnecope itself, without an eyepieoAi 
an they do not briog the actinic and tianaJ mye to the eame fccuii, and the sharpaet poeition lioa te be fctmd by trial and enwr. 
RefiBctore are free &ntn thia dlaadrajimge, also * photo, viaqaj' refinaotOTS E hut the latter are expenalire. The Mocm can fa* 
tahnu a fired telwopi^ uf onJi mwy fooat length, in about jt^ecoottd, but tim image ts smatl^in a 3-lnhbt Only i-innh diameter. 

Thooe deninans of taking up this pursuit should procure * Aetrenomiosl Phutegrepby,' Mr H. H. Watraa, F.E,A.S,—a little 

book which giTea si] nnedad mformatiou on the sul^act of apparatua, adJustmeQt, cxpoeLim, ilbx 

A Gel^tlal Gkhft, tn^uatabk for laHtuds^ la tmfiil for findiiig tho diiHtlim end altitude of Merctiry, ora eomot, In twilight, 
filed bhepaih of tbe Zodla^ Light Tbe atare are reTCFBCd aa regards leA and right co the glob*, bwa-nre we view the alar 
•phme Etom tbs inoida. tnd the ^be la nowed frnra the outskfo. 





ADJUSTMENTS OF A NEWTONIAN REFLECTOR, 

Thb flbt tii 4 auti}d in ft sboib m-otAl tubA Aiil oiF nt ui tngld of 4^' with iiit lup^ ii 

ttippcrrCAci La the caatm of ttio mala tube nod towapdii the upper end of it, by * lini^le mdial amx to the ineide 
of the tube. More tu nally the support ooiwiirte of throe, lometimei four, eteol rtripa of epring tom per fitted with 
■erewed endi that p<au throngh holes in bho mBiu tube,, ootiide which they ere held finely by ucatu of uuea, With 
the aid of oompi^aos or a scaled mior set tho oentie of the fiat monnCing c^uctly La bl^O OBntte of tho tube| if it ii 
not already so placed. 

When tho fiat has boM oenbred, its inolmattoQ mflit bo adjuislsd so sj to reflect s rsy of light ptuMiDg along the 
M.*\^ of the tuaia tube sleng the axis of the eyepiece focuaBlng tuhe. This most be done by means of the adjusting 
screws fitted to the flat mount. SoiuEtimesi these are three in number, but n belter arrangenieTit is e hinged Hut 
mount with a single soglo-adjusling sorew with a knurled head, and an axial eemwed pic emabting the iliat to bo 
pertly rotated end alamped in position by means of a Iseavy knurled nut. 

A bra» discs'filting, with a contral hdo about ^Ln. in diameter, b screwed or tUd into the eyepiece draw tube 
in place of the eyepiece. A special fitting, though oonTenient, is not indtspcniablii, since the front part of the mount 
oi an cyepiBoA crf high power, with the leuMS removed, will do well os a Bubsbituta. On looking through this holo, 
there will be seen ihe mroular end of the cyopiecei tubo wd within it the fiat with on apparently circular ocbliaiiL. 
If the fiat is appmxJinabely adjusted tbs-ro wiil appear^ within the circle of the flat, the ciruubr outline of bbe mirror 
and Its call As a help to the eye, the large mirror may be oowered with a white circular card of tbo same site ss 
the mirror Then, by means of the Bat adjusting screws, graduany tUt the fist until the outline of the mirror {or 
eardboord disc) is concentrie with tho eyepioce-tubB circle. It may be noi^ssary to move the base of the focusiing- 
tubo moonb aJigblly up or down the main tube to perfect this sdjuSlnjent, the card and there will bo seen 

a circular dark spot, the image of tbs flat. If this is net exactly in the cenbro of the bright mirror image, it must be 
brought to that poiitiuii by means c£ the three odjuating screws at the base of the large mirror mU. Ths darA Mpst 

_ ts o/imapi mojff dijedtiif yh>» Me adJuMtin^ sprfw (An# iniwif bt 

lurwd trt. Thus, in Fig. 1, the screw whose position is In- 
/ ^ dicated by tie head of the arrow must be turned in to bring 

I w |£7 ^ ofintre. Tho some result is ocMevtd by 

turning the tiwo other screws equally outwards, Tho eltcular 
ontlino cf the flat itself should net be exactly concentrie with 
tho eyepiooo tube and mirror cirolos, but disploeed 

towards the upper end of the tabu, ay shewn in Pig. 2 where 
oil is In perfect adjustment. EE, the uutemost circle represents the far end of the eyopiace tube j T punt of the 
tube which, holds the fiat; FF Lhc flat Itoolf; MM the bright image of the lorye mirrer; I the dork ct^ntnd image of 
the flat, and H tlm images of the four spring lupports of the Bab mcuuL, 

Fig, 3 shows the appsomuca of a moderately bright sUr in a good telescope, when the lur is ateady and bho 
iuMbrument ccrreotly adjusted and carefully focussiad—a bright round spot surrounded by two or three cnuccntrio 
rings of light. It Is ImpcNvIhle to portray accuralelj the extreme delioocy of th»e dlfiracrtioo rings os they appear 
un the best obsomng nights. _ 


EQUATORIAL ADJUSTMENTS. 

It is infuasihlfl bore to giro full direetinus for the accurate odjuatmont of an equitoriaL Such instruetimii are 
giTeti iu Homo and Thernthwaite^s Hints un Ecflmting uud Kefraeting Telescopes^" and id Chaiubera^ ''Handbook 
of DoBcriptiTti and Prantmol Astrunomy," YaLII. (CLarenden Fresa, IdOO). Tho chief adjustments are 

1. Jdjutt the mtnuT’indef of tha ikdimuim oMi. Tlie «|uatorial beiEig pUred in DBu-ly its odTOCt pusiticn, read the 
duelLnatioo of a star brought to tbs centre of the finljil when urer its noathing with the drtle facing E Ec|Wftl with the cinile 
lacing W. If the tWC HAdiogS Ofree, the TorniBr position is ocFrrect J If thu^ OTO not the SSIueri mure the Vernier half the 
dlffertuiCM between them. Other haTmg been oompletod, the dDclinatiuii romter will indicata O" when tho teloKope 

points to the equator. 

a tAe pofrxr aru Co tht {diitutU oftAs fbfi. Bood the doclliiatics of « star whidi is CD, cr nwty on the meridian, 

atjd also near the sanlth. Compare the reading with the deolluatiou ef the star m given in the It'sutlcal or Whitaker's AJmsnae. 
If the omouats dtiffiu', set tlm circle m the correct roading, and bring tho etor to the oautre of the fLuild by at the baas 

adjustiug screw {S^ in the drawing on pegs 41). 

3. FisM (4i pc?ar ojw iji rA« TTieriifiaA. Point the tclesoopo m a Irtvown star about S houre &icrai the meridian, dtber 
E. or W. uF it, but u distant os poasibla from both Pole and hokieDn. If the star ia £. and its docllnation os shown on the 
decUnsticn circle uiMHids that given Ln the catolague, tho lower end of tbs polar axis is W. of ila right jjlooe atid must ha motud. 
A horizontal or azimuth mevement given to the equatorial hood, to oonuct tha dedmatlou correoti ilao the ucridLau positioo 

Other adjustments neqBsaary are t — 

4. iSlrf lAe (JpJijaf ftTW o/ lAa ^sE«Bq^H aF r^Af aujintsi to CA# deafnafm aXui 

fi. pedor and dufiROt^ murl &• s^r cU Hgbl os^i^si, 

a. TM index of fAt Aeur eixd* tuarl pamf to 0# vAn» fafaMepe it in the mxiddisn and tAt dedmatum ew Acrueobii. 

n moxaidt hour tiirait fit* offitititt}, fAc osrefisrt and ihoutd sAcw lit* txodin^ wAsn t4z ideapopt U ikUM atL 




iVl 

EanJlTOHIAL HEAD. 

Tex notion drawing roprenntB an tqqntorini head dengnod ntid mq^lo tb« author. It is cnitabln far a 4-tnali or 
nnalbr rofraotoT. Jt waa built np of iron and gunmotai caatinga from aimpl# wiood pattoma^ and a few^ miJd atoal 
and braaa rod a. All the work r?(|aired is within tho capadtiy of a 3|'in. centra foot Latba, with tbo addition of 
a single diriflion plate atid cultar for the teotb nf the A. circle, and a Eorcalar protractor for the markLng of the 
diTislans on the circles. 

A. of the driring-rod with nniTeiriial Joint U at the apper end, ccnimsotiiig with the vem acrew^ and 

a handle (nnt shewn) at the lower enA 

D. tinametal ccned bearinga of the polar aain. 

0. Dsollnatian oi»lc. 

DecUnatian aria 

E. Arm serewed to ibo polar aria tnba and adjiutahle 

for any latitndm 

T. One of two side plates screwed tn the fwm and be- 
tween which E is held by a |-in, bolt and nut L 

H. Lever of cam, WSien priled down it puts the 
worm into gear with the fixed fcootbod ring JJ. 

IL Knurled bead to tnm a pinion engaging with a 
oirde of teeth ect cn the inner side of the B.A* 
ring R 

Ik Bolt paeiiag thEough a bole in the hase, slotted to 
allow fer e alight moremeDt in arimuth. 

Behind L is a central cortical pin (fdn. in dia¬ 
meter) about which the whole bead can betarned. 

iL One of two posh wrewi for emut maridian setting. 

K, Knurled doDlinatioa clamp nut. 

F. Polar axia 

R Bight AscenHica BingH marked from Oh. to34h., 

from weet to cast round by south. 

S^, Adjasting screw for the slew adjustment of the 
tilt of tha polar ucis. 

S’ One of the two other base scriewi. 

T. Main tube of the ulefliKipe» 

V^. Leulinadcn Yemier oa arm with adjusting purii aorewi at the tower end- 

V’. RA. Yemier^ daed, for time. 

V* RA. Yemier^ moringj for R.A. of object. 

W. OountoTpoiie weights with set coUnnt 

}ifa alow motian in DoclinatioU ta shewn, but one is a great eonwanjeiiee and could easily be added to the head. 
For convenience of rapresentatian Y* ia shown at right angles to its correct poritloo. It may be rotated about the 
tnmed end of the polar aris tube, and clamped in position by th* screw X. 

A large-faced waCoh or an ordinary spring cloeik, regulated to keep sidereal time, with an inner circle of figunea, 
XllI to XXIT added to the face, h a moat UBeful, indeed almoat indispensable adjunct. This may be set cohreetly 
to sidereal time each day by lueana of tha wipelesi time slgnaL The gidoreal yme for the prerioiu midnight can bo 
obtained from WhiUker’a or the Nautical AitnnBac, and tc this 12^ 1* 58» (say la' 2“) tnuift be addiri to get the 
sidereal time at noon. 

Tliu mcLhad of finding a aelestial object with an equatoriri cf this typo is simple. (1) Move the telescopo so 
that the doelination Tomier (Y^> indicatea the dsclination of the object as giveu in the cafcalogu*, Clamp ha deolieek- 
don. (3) By means p£ the knurled head (K) turn the R.A. ring till tha R A. of the object is shewn hy the lower 
or mori.Bg veroier (V»>. (3) Turn the telescope tUl the sidereal time as mad fram the clock is shewn also by the 

upper fixed vornier (Y*)l 

If m lew or medium power ia uand and the hnd is lc correct adjnitmeBt, the object iboold be in the field of view. 
The lever (S) U then pulled dawn, and the object am bo followed by alowly turning the driring n?d (A). 

If the abject i« nut at first in the field of view, a slight moTemcnt of the talascope either forwards or faaekwardo 
In R A. will genera Hy bring it into sight. If not^ the rirole reading* should bo cheeked and the udjuatmeati of tha 
head corrected if necesaary. 

The bead ahould be fixed on a strong wooden brneed tripod or iron pipe filled with ooDcrete and protected from 
the weather by a galvanised iron hood, the teleecope itself having been removed- 

- af tm. of timt ^ lidM fo*> tatk lif of lamritiidii if W, rufitranfal 
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PRONUNCtATION OF NAME& 

Thu aAhi^efits are jimtiorutiosd oa foUowa:— 

lYi^ S'—TLii Liii fallDwti Itie aij-aillHgal Mnf^IJrib. cueLliitvl 
of nrauuitd|ii.t{nn, wliicfai ‘1 g«D£riaIly fur Ljiliii 
Gn»k ircpcr ruuui=i \n Koglijih <c>nl«iL 

Confito!latloniS.-Fur «« paLitiTta (&.) at aMnu milljig. _ --- 

ThoM- BiMiinK' In a : «liwt]gt thti ta mto « i iirutMtinwl d], aa- JIdiuik, MiJtltem Ui 3 ti«taiU(iuUi itm jmiuJipiI \ 

AKl3Jlaai»pj.^*±:.dr4fll'tLU. J;i'jJra!«wi£ii 

A^TLIa,* Ant'^U'd JiV/’uflajp ’ 

Am^* i'EvQi (jj. ffirdo/ F<i.rittiut 

AtiUAJiTD*^ irkwiVi-iii ^TAe 

AiiUlLit *Jt'wI*U ... ... 

Ah*. I'ri ,,, ... Thr diUr 

A&uu^ Six'iiA ... M.ip Ar^ 

AlUJW. (^„ i-rffr-ti.! Jflff JJinm 

AtfuKiA, ... 3f%f ChanMerr 

UoiiTHa] ljA..d'’bSi (jl-, ■ (IliJ The fftntitavvn. 

CaSLUM,* ni'lara ... ... /Art t'Auri • 

C*i™Mip*Ani:iH,’k4‘me]T3^tiAra-ai 
CJajCdih. LAn'f^r kiU'lc^E) TAt Crah 
C.ASMVilfiHu?/ I'A.tiit*-!**!, wr .(d 

kA''uiilkq vi.'uiLlUliA'rbEa) tfn-yiAf>ufiefi 
Caki* M *jud, fcl'Mli ml'' iAr, Cj, Iii4-ja'rli<j 
3ll^oii, ki''a[fl mfiub- (g. ml^uSVla] 

TAit f/r^nifr ri-N/if I^Utr Pilnf 
Cil^OdJtmDj^ kip-rl-kdr-nfli ¥An Sw-smi 
Oaiun*/ ktffa* TAtEtil lArgoJ 

ki^-i-o-pl'yi ..« iSmioprm 

C*!rrAPRU«i Bdii.iA'riti ... 7Ar CkiU'Aiii' 

CtrHmda, pd'fQs or ... CraAfni 

Cnra^ lA'taa 7^ Sca Mirn^rr 

C m atAtLMpyf,* t&-Eiid''l$.an {y.j -tMn'tfc) 

J'Ak 

Cf>r,i3M!i*/k6-lWt4 intirZtoj'f * 

CtULi SmiKHTcjw^* kd'^ntA lA’-S^ht'-fa 

(;.r.r kA'mi Hfriniin^t i/inV 

CoiioN* AoRTBALfi. kd-rS'ni &t4r*T4A 

,, iJiilixauM, bd-r&A'lti 

y%r SonthfTA ■aT«i CWwh 

prtiiliJll Pamt. iAn±ti« Fn™ 

rAfCAnibniFiimif'F. illtiiu lUii 


(.Vkitrtw, tilr"pflN ... JAa tWjw 

Ca*iM^ iitl'Wr ton kril'^b'^^) Th L'wjj 
Orfi. * krQlc*^ (jjf. ... FAe tW.i 

UtanCJi, %'qa. ... ,., Uf-^n. 

sHl.fTaui Thw DtAptin. 

DoKiim, ■ .fj,., Smrdftah 
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(GALACTIC COORSl^^UTm 


Urn 


[ffiOnidon of tbe ntw flSBfl) I.A.ir. ffjrstem of GslBctlo Caordlnatei- At tba Dabjin Ajswetably of Uia 

TiitcnutjoiiA] Afltronnniiimt Uoittn In I&TjS, Sul^CJoinmiawon 33h wjw appolntifl “to iTivostij^ta the di^uirabtlitv of » fvrwirni 
of ibts gfttwrtjc po!c^ utiJ of tho aero of ga]iu:i4a kngttuM” At tbi? Moaecii? OoHOBil Aswimbly in lio cuncluajuu* imdl 

rDoocamei^tiQn* of tki^ Sab^Cotniali^iott were reported «od discuwed, >tid Dommijitrlofl aab wno antheri^ to deUw; tbd ixxoct 
TTijujia uf th* eoonllnutwi of the pole mwl of tbo ftsm of longitoda 

Conimiaaqon 03b liea now downed tbo Mtowirg of the Hdovjmt quoiititiw:— 

(1} The nerw nortb gnlttetic pole lies iuf tbe diractioii 

(^=11IH8“ 3-+37^4 (eqainos imO). 

(3) Tbo ou# isoro of longitado io tbe grent Hmi onilo lurlieliuitmg «t tbe new noiib giilKtie polo At tbn poKiticiu Miglo 


&m 12S* with respect to the eqimtoniJ pole for 1900.0. 

^^J| liDijgitndo inoFOKeafli flrom f?' to 360*. The senaa ia atinb that, qti the gttJuiic equattr, increwnp longitoilfii 

corrwiponde to iTiansaiftng right aaconaicni. lAtitnde ittere*fle» froin —80^ throogb EJ* to +ftO at the new north, 
galactla poliN. The eyntem is thcfrefore iimiliif to the DhlsBOii K;rat«Ti of ooordinat». 

The above qaiiotiiiea oro to ba regarded mi exset ec that tho new galnctic oodfdinat4» nui^ computed to any dcaired 
aucai'Acy lu tQima of right aeceoajoo and dcclhialioii fw the equinua 19hO.Q<. 

Other UsQftLii V^aluej^ (restricted ooenmuy). The qtiantidtxii which follow have been oomphted fhrtn thu dodnitbn but are 
giTQD, only to 40 accorncy of the omroat mtoger ia the last dlgj-t 

(a) The 1900.0 vnloeB carTeapoqdiiig to Uioeo in the dolinit.{on. 

Jfew Foie o = 12^46“.6 I 

«^+ 27 '«' } ® 

Xew LeiigitndB ^re at pooiticn angle fl = I Sft'.04* (ItOO.O) 


(b) The old galactic conidiiulteig of the new pole. 

i'-=347",T, b^^+ar.ah 


(^3 Foeitintii of the jwtut of Ssam longitude and latitude (imw ayotomlH ln«o, bii=0, 
lu eqaatoFiol ooordiciataa 

tL=l7^39^.S, S=~2r5i' (ISOO.O). 

l=-2J5W (IflnO.O), 


In old galactic ooaid.ina'beN 

l*-337*.6&, l)'=-r.40, 

NoniAaolatiire. At the Moacow Aeeeiribly it wm decided that the eymbols 1^ h ahiMitd fee fctAinfld for galootie iongitode 
and Latitiirk* reJNiwotivoly. Clommlawiyn Mb axtggeHto that, duriog iho tronaitJoiJ perii«ip the Hywhola Ih b* ahauld. Irt uii^^ lor the 
old evutoni and 1'^^, for die new tnio. The Commiisioo ai^w atrocgly nsccotncnids iba^ aput from these lujwrecHptJ^ It ohonld 
feu u^Jc quite clear wlwtlker the gida^id ooordtoatea io my pabliretaon ore baaed on the old or the new iyatom. 

Basic fnr nbolna af naw system. The new oyatoto la btended to be orieutedp os donely ile ■» qo-« pratAiicabl^ so that 
the pole la porpudicuhLi* to the moan plane of the Galuy and the ciHe of iwm lonpitode ictaaes tlirough the gnlactie centre, 
Tho polo poaition was liooed priniarily cm the dhtrifeutioo of neutral hydrogen in the inner porta of too Galaxy (R< T kpc, 
awHrming Rann ±2 S.S kpc) t the moat predae evidence on toe galactic centre caiiijO from toe location of the redlo aourco 
Sagittarius A, which !* pinpuzoed to be the galactic nucJeim Tt Miwiina a problcto for future iuvootigation to ^teftoioe to 
what oxtQut more oxMit jwaitiotui uf too lay or of iHUtral bydrogon and too galiiotio nuclenH defiatn freic too quanutire sdeptod 
for too pnoent revtiiLou. However^ ft may be expected that donriationa arc amoil and will not give rtae to fortber rei'-LBiqqn 
of the galactic courdinato ayatoni in, the near fatiire. 

The now muLhod <tf spedficatinb of the zem of loqgitiido la toriua of its poattiun angle haa bcoa efeoaou fe«iuuo thta iiuglo 
]B uhh uf toe qoantitiofl ueod directly in cunTorBiun fonnuln frutn ^naturia] to j^lactic ciwrdlnatofiv 

The oquat^irial ptann of the now ewHliaito eretem muet uf uowisity paos Wirongfe tb» Sun. It is a fortuuato tdreamirtan® 
that, within too oWrvational uncertainty, both the Sum and Saglttoriun A Ik In thu mean, plane of ton Galaxy aa dctcMniood 
from the %drr^3 obanrvatiotre. If the Sun hod not been So pliu»d, peduta in to* miau p^ozie would not lie on the gnJaGtao 
equator. 

Conversiun Tables, In ocraideoce with a deciinian tokati at the Muaoow Aaiombly, coavcniion tahlea from Mjtiatof^d 
into galactic axndlnMtwi and 7i« rafnii, and from tlio old and new galactic foordiumto eyatome into each other^ are being 
puhijgbcd under the aupetwision of Ckudmluioo 33b. 


Kota i^ffanUtag^ the fallowing Viips- The two Ooliotlo Charts oiul all Qaloctlo refereneca on tlm other mape in this 
edition are baaod on the tons-lBrifl ayjstom, a" they had beOn rnpriiitisd only a WCek prior to tho hfCHKUW ftlSHOUUeiSIIHJnt of tlie 
impending chaiage of iiaw*. In any case, the major chongeN that wuuld be inTolveo In toeif alttifatinia to ihi* now eyetmu liuuld 
not have been mode at ihort aobtoe. 









STAE CHARTS 


iBBREVIATIONB AMD KXPLAMATIOSS. 


S.1D^ (+3 tudfcata potriti of inteiwcUcpin of linot irf InKititiiedtftto ft? tniQiit«i of BJL owl 8* of 

DealifiAtian. 

l&rgiaAl tli?l5l0iu In doao^ 6 mluatw of rfduim] time, «wJ in Dodlnotlini I*. 

¥ (fllUftll, to n itapj daontoi vMlmWlitf. A virinbla itiir wMflii tmohtm 0th nu^tud# or 1 bb& at ita muimam 
hrlflitiiw ia tnufkcd by a ■tniiJl oirblB wlyi 

B or Eq to & stftr)L A vsA, ankcgny w jallow ator. In tbo i*afl of E-B red ■!»*», tin letts E i* not 

added ■# tha latton E-B an a «i£Eicdait hidkation of the edltnir^ 

NtimbOF only tto m itAr). The omiibw in F]«nrf™d'ia Ciatelogm Britanideut 

Kmnbor uadorUnod {to n itnr), a-f., ^ Tha kwa- mncW In Maiii‘i Catalofna 

GrooB OP BomftU Utter (to n itnr)* Tho letter awd^fuod by Eayar in 101^ sod, nnoe Bayw^a timn, hj 
Ueaille and (kruld In eontUm owateU&tloau. 

Number OlOr (to a mehiilt) Tha nnmbBr pren In the N-G.O » viA. lU Kev Gen«>] Oatalofoe, being tb* 
Qeoenl Catalogue of Ksbale by Bir Jobn Hmcbal aa iwrl»d and antafgeii by ISieyer 

Mombep with smUl onmUp to tJie riffbt {to a nebula)- Sir Wmiaia nombert and ibe da™ 

Into whiidi be dindad the Mbulm- Tboa, ST* — HIV 27. 


Hiam daaM are:— 

L ErigbtneboU, 

H. Faint nebdiBL 

III. Veiy taint nebuiia 

IV, PlmetiBy tabialm 


T. Teiy laigo naWlja. 

VL Ttffy wroprwaod and fkh duaten of ntaca. 
Tli Compreetaid oluatan of imaU and laige atam 
VIIX, Omneily aeattered duatan of atara. 


Abbpovltulons Of the Hamos of ObBerrort, genernlly fonowed 
by the onmut number from tbelr Gatalagiieo, 
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J. Hemchnl'e Catalogue of W. Wm 


donbia etara. 

Ho. 

How^ H, 

Wh 

Hnidfin, E. B. 
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Hrg. 

EargiwTH, 1. 

Hil 

Htnwy, W. 1. 

L 

Innea, B. T. A- 


J^jdU, W. S. 
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-Ho. iipr, 

BftliiitiTOlf Axed, Riflli ae^bWnrhood. 
Triplo. Ko relativa motion. 

PilOi yeUoT and Uioo. KeEibtlTelj fixed. 

Cqiwm doiiblo, B.A. 254': d3"<l'. 

Splendid^Id imd bloe, EalatiTelj fixed. 

Bmuy, i*. 6.1. j. rf. cr"^4^ J ' wideit mbL 1933. 

Triple star. Fine objoot in i-inah. 

F>A, deereuing. 

Iteliti'Tal^ fixed. c.p.m, 

Belativiil^ fixed. 

O^Migs oad btna. 
laetmileg I', A. 
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Eelatir^y fixed. 

Ralativelj fixed. N. of (. 
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Binaiy; qrtrit doubtfoL T«t for S-idoIl. 

A fine object. Star* jfoUow and bine. trp,m. 
Near ^ DnuxiiiLL 
I^bt-teat fop 3 in. teleHope. 
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KoiatiTely fitted. 
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Bolatii^y fixed. 

No obuDge. 

Binary,, period 73 y. Wideningf to ISBO. 
BelatiTely fixed. 

Poforti, tbe N. Pole atar*. A xralbknnwn t«t. 
Little change, if any, 4* n eligfatly p 



























INTERESTING OBJECTS. MAPS 1 & 2 - 

(0|ftOUMPDLAIr4 No^h>. 


Variable Stars. 

Cpoeit ISSOi, 


EZ Coielnpclife 
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3b 44 4" 
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Algol type. 
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Lenf period variably. 
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A 
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R Urea Uo^tia 

10 41-3 

+ 69 3 

6*0-13-0 

Me 

298 „ 

*■ II 


NO¥iL 

N^™ 1672 0^ 22» 0, + $3' 6?. 

The new etfct ftmt swe bj> I'ycbo Bnitii ott Naif. 11 h 1513. when tt wiw brighter then jupitsr^ %hm in crppciitioii 
and ocAjr paribelioa. It bdod became oi bright oa Venoot and was seen bjr aeme even In brnad ciitjtight. At the 
end af the monLh, it b«^eiii ta f^e gradnolljr) Bind und^went b BucceBsinn of abongea in ooinnF—wbitej jeJbiwuh, 
rndd^^ and Anally leadeD. At length, in March 1674, it ceased to bn Tiribln Tycho's mitminents ware toe rotigh 
for him to determine its pleoe ^th great aqfmrw^t <o that it k onoertain whether one of two faint atara, near the 
poaition that ho gavi^ ia idonLiao] with tha Notb, 


Nebnis and C 1 tisfer& (main 1 vui 95 frwiittmd Nm.mvtkMt <^a* N.^.d) 


236, E.vin TacaMiep^o^io^-fl, +6r3r. 

6ei, M103, „ I' 39* 8, + 60" S6'. 

663, HLVI31 „ l*43»-5*+ei‘ 0‘. 

T634, M52, „ 33?‘23-<l,+dlMr, 


A fine eltttter, somewbat W shapcA Half way from y ta w. 
BoontifQj flald abghtlj N. of 3: containi: S131 and a red star. 

A Aoo open dnsteT;i visible in Ander. fneludeo 3153. 

Irrogolar eluMer about 20^ diam., cgintaiidtig on uTrang? iton 


6643 , H.IV 37 , Dr»eoiiis, 17 ^S 8 " - 0 , + 66 ' 39 '. Plnni^Ury nebula, A femarkable object; very bright oval disc like 

a star ont of fociiBr with a central 9*'A star, HluMi; nearly at 
the N. Fold of the Bdiiptia. 


3031,M&l, Una Miyork^ 9><6i* 5, 


3034, MA2, 


+09* fiS'. 


5322, H,l 266 


13M7**9^ +60" 3S', 


Bright, with olinosb atollar nndetio grouped with Bmall stars; Spiral, 
with rather faint armi. 

A narrow curved ray T K with rifta. Emily a Spiral seen ohiuiHtt 
edgewioft. WitJiin of MBI, which iaindluded with a vary low 
power. 

A brigbi, roanikh nebula, * 1 ^ a brighter onntnJ port; 


* PiUni. Sufty found hy tbs Fe^btdn faonii ■$ JJrm Maj,l 1" Jhnii the ST. CdostiBl Foie in WO: nmnst hi SCig&, witnin 
tt is soBj with jl| loch ; dompooiiui bioiolL, The large stsr is a spectPCMODpla hmory nod ellghtly varidda 










iNTERESTtNG OBJECTS. MaPS 3^4. 

CR.A. XXIL Hr& to IL HUS. Dec. fio N. to 


Double Starsb 


Epoch IBGIX 
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23 
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il93A 
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15 

5-€, 

7-6 
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SI 

II 

23 

31 B 
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6 
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351* 
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hssfl 
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33 
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0 

60, 

65 

313- 

5^'-6 
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c 

PI 

22 
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17 1 


4-S ; 
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:1035 

94 

II 

23 

Ifi 4 
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44 

6% 

T-a 

348’ 

ir-3 

hofi 
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n 

23 

43-4 
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57 

53, 

6-5 

137* 

r 2 

jl0£B 

: 

1 

Arieds 

1 

47-4 

+ 23 

0 


7^4 

166- 


Il037 

y 

n 

1 

330'6 

+ 10 

3 

4-3, 

4 4 

300’ 

r-4 

;10£4 

k 

CaasinpeiK 

0 

200 

+ 64 

15 

56p 

fi’9 

188’ 

O-'fi 

\\&Si 

1 


0 

4fil 

+57 

33 

3-7, 

7-4 

278- 

fi"! 

ilOM 

tr 

.1 

33 

664 

+ 65 

20 

5-4, 

7-6 

337’1 

I 

Uoss 

1 

Cephd 

23 

27’3 

+ 6S 

10 

TTiri 

7-5 

192-i 

ki-'O 

1M4 

45 

Ceti 

1 

17 3 

- 0 

46 

(5 3, 

7-2 

]- = 

1 r'-4 

7035 

2UT 

IP 

1 

3j'3 

-11 

34 


1-3 

80- 

2"-0 

il9£5 

P 

EHdxni 

■ 

370 

-56 

27 

fi-Oi 

e-i 

007’ 

0'^ 

1956 

d 

Grtda 

23 

40 

-43 

48 

4‘S, 

7-0 

40- 

r-4 

1934 

A246 

l« 

33 

4 4 

-60 

68 

6-1. 

6-8 

267’ 

a" 4 

1927 

£2304 Lacertm 

53 

Ifi’T 

+ 37 

31 

6-0, 

a-2 

194- 

16"-8 

1926 


It 

33 

33$ 

+ 3S 

23 

6-0, 

6-5 

186- 


19S5 

£2371 P^gaai 

22 

ILO 

+ 10 

67 

6-4. 

06 

10’ 

14"-1 

19^4 

£2371 

S « 

23 

13 0 

+ 7 

U 

6S. 

83 

123- 

r-s 

1954 

32 


23 

10-0 

+ 28 

5 

5-0. 

9‘3 

127" 

72" 0 

1934 

33 

Pl 

22 

31 3 

+ 30 

56 

6f), 

100 

IT7* 

V’l: 

19S5 

34 


22 

24-0 

+ 4 

B 

5'S. 

11-7 ; 

318* 

s'-ii 

19^8 

37 

*1 

22 

27-4 , 

+ 4 

11 

5-fii 

7-2 

08- 

r-5: 

i»se 

f 


S3 

44-2 

+ 11 

55 

441,12-0 

108' 

ir-0 

1934 

53 


33 

56’7 

+ 11 

27 


7-7 

248': 


19M 

57 

ji 

23 

74) 

+ S 

24 

5'0,: 

10-2 

198 - i 

32"-0^ 

l0sa 

78 

II 

23 

41 "4 

+ 20 

6 

60, 

8 1 

208- 1 

■ r^fi 

I$S4 


PbrenlciB 

1 

3-9 

-40 

59 

41. 

4-3 

357- i 

r-3 

1636 

i 

It 

1 

6-3 

-56 

31 

*1| 

fit 

245“ i 

6'^-e: 

1613 

§ 

It 

33 

30-fi 

-40 

65 

fi-3, 

6-9 

372’: 

: 4"-2 

1911 

35 

Piaciam 

0 

12-4 

+ S 

33 

6 2, 

7-B 

149'! 

iir-8 


56 

,, 

0 

37-3 

+ 21 

10 

5 6* 

82 

195’i 

i r- 0 ; 

iloao 

66 

II 

0 

47 2 

+ 57 

20 

6-0, 

60 

207-1 


h02S 


PI 

1 

IM 

+ 7 

19 

43, 

5-3 

63'! 

123"-6 

Uasi 

a 

1* 

1 

60-4 

+ 3 

31 

4-3. 

6-S 

506-1 

1 2"^ 

lI&SB 

B 

PLseds Ana. 

22 

fa-7 

-32 

36 

l*t 

7 8 

172- 

30"-4 

E 

IfllB 

y 

IP 

22 

49 8 

-33 

T 

4-6, 

8^ 

206- 

4"-3 

1026 

& 


22 

53-2 

-33 

47 

4’3, 

lD-5 

240- 

fi"-3 

1626 


Bfniiry. Period 124 yean, 

Ckiid and b!u*. MA.gnjf1c(fnb 
Very dow KuRryj P. SJSj^ C^lodip^ till 1545. 
Biimrf. [ Widest 0" 8,157 L 

No appredabls ohEn^«. 

Binwy. Pji, distanoe decr^salcf. 

Little ohaD^ 

Bicuy. 

P.A. ilovly bicreadni;, diituca diEnUilBbliii^. 
Blow biuiuy. P.A. and d. dt^muitig^ Test for 
H«lbtiTelyfixD<L Y«UcTruh andblnfl p [2'iii. 
Slow r&cjmgradenietioii; mcroaaingdul&tiaAp 

Teat for S-lti. toloBcope. 

Boantlfol fixed pair. Fine for uclaU tolosoope. 

Bijuuy. tnormflin^ P.A. 

BLnjuy of Inog poriod, BOO ± jeora. 
fTo ohKEtgQ. Grand low power field. 

YolLow and bine | A ii variable, me CcwtEiots. 

Direct angular movemenk 

e.p.m. 

Binary, period 515 yearE. Dintanisoincreuicg.. 

P.A. incHMaing. 

Little obange. 

RelaGvelj Aited. Wbile and blu*. 

Multiple eyatam j distiuit itara luage. 10 ind 11. 

Optical. Diitanea inoreajting from p.m. 

Long psriod binary. P.A. alowly decreasing. 
B baa 11 mag. £Ofn«i at diatanoa 
P.jif. and dutance alowly deeniaaitig. 
tlttb cbauga 

Binary, witk orbit in line of aigliL Widening, 
P.A^ slowly decreasing. [P. abt. 150 yrt. 

Cloae double. Pj 4* increasing. 

Relativelj fixed. 

PA- increasing. 

Binary. P.A.d«fensiitig. nthmag.dtaratBf^ 
ULiile ebango. A is variable. [1920. 

Relatively fixed. 

Relatjivdy fixed. 

Orange and blue. Relatively fixed. 

Little ebange, 

Relatively fixed. 

Pale green and bLen: PA. and tP diminiabuig. 

Relatively fixed. 

PA. slowly decreasing. 

Relatlvety fixed. 



















INTERESTINQ OBJECTS. MAPS 3 & 4- Cantfncwd. 

ffUL XXIL Ku, TO 11^ Hub. pco, eO'NL to 


Variable Siors. 


epfioH laae. 




H.A 

a«t 

Tar. cF nag. 

1 Bpactruia 

FerTod 

1 

B 

Androraadai 

o^ai"'-4 

+38* l&' j 

5 6-149 

Me 

410 days 

Lnug period variable, 

B 

Aqoaril 

23 

41-2 

-15 

33 

6-0-11 

1 Me 

6S0 ,, 

» ■;. 

a 

CaariopElB 

0 

37’6 


le 

3 2-31 

Kn 

... 

tiregfllar wriable^ 

E 

H 

2S 

558 

+ 51 

7 

6-3-13 

Me . 

ISSdaja 

Long period variable. 

3 

Cophel* 

33 

3T’3 

+&a 

10 

3-6-4 S 

(1 

5 37 „ 

Cepheld. Tm. comai at 41*. 

T 

Ceti 1 

; 0 

1S3 

-20 

30 

6-1. THD 

. Mb 

... 

Irregular type. 


Pegad 

33 

I'S 

+ S7 

48 

j 3’3.3-7 

Ma 

... 

1 ... ... 

B 

Sculptoda 1 

1 

S4-7 

-32 


1 62-a-S 

N 

376dayi 

[ Long paridd variable. 


Nebalofr and Clasters* (Stapa 8 ud €> art^3u^^t^t^t n.o.c.} 

S24, M31 AndrpmsdK, Q** 40^‘0^ + 41" Tiio ' Kfftjula La Aiidmuwt^B,' ‘tiBible b« a ipot to th# rntkad 

•ye. Lon^ otoI, and brightenkf totrarda the oentm, witb aEmogt 
Atar-llke auoleiii; pliotc^ by tbs 100-jiL, teleicope rasolrs the 
otitev parte into itan. AasQmLng 'nd-ihift' m due to ToloErfty^ 
like all other oatra^galactic nebula It xe reoedin^j. thoogh ap- 
paFffnHj appeoBeblbg D«ing to the Galaetia rotation. Disuiiiee 
appcoL bfiti0,000 lightyBen; it ii the neareat Spiral aicrpt M^3 
in THangotom, wliioh it pitibehly rather nearer. 

7652, H,IV IS, Androffl. 23' 2S*-4, + 42’ A remarkahly bfigbl^ aligbtly elUptlcal, planctajj nebula, 39^" * 30"^, 

hluiih. With a low power almost ttarliJEO; in a 10-iti. telcsoppa 
the dtulcy centre mahei it annular, A 14 tnag. nuclena le Tuiblo 
in TtsFT large t«je«oo|Kw, and clear in phntognpha 

4BT, H.T1T iSCaaimp., 1'16^-0, +BS' S'. A condensed clntter of modentolj bright atars IS' in diameter. 

Attending whioh ia, bowtTer, probaMj mueh nearer ue tlinn is 
tb« oluater. 

7TA^, H.TI 30 ,, 33^54“'S, + 56’ Sfl'i Between p and w. A large olueter of wry faint atari. 

7243, H.TIII 7S barer. 22** 13"“1, + 40"3S‘, Aftne, open, irregular dniter, followed by a beautiful beJd. 

fl50, MTS, Peraei, ... !*■ -S, + 51" 30*', A dooblo nebula^ like thn ^ Dumb-bell Nebula’ In Ynlpecula (Hap 13), 

but mncb imaUar. It id a gMeone nebula, and idierefore belonga 
to our SyatmiL 

6t8^ MS3, TriangoU, 1^31'" +30'34'. Vary largn, faint, ill-defined nobnla: oentr^ pariiotia the brightest 

irregular nodocities gire It a curdled appoaranco. tTie wry low 
power on a dark, claar night. Spiral in pbotograpLa 


* I This ftar is typical of dan W, iibort period Ofiphewi wriablaa Ita roagoitude wrE™ fri?in aW 3 3 to 4^ 

frange 07 "id ita period la 3-37 daya Ita rlae rrmn minimum to mKtiniutu ocooim in aWut II dajai and ia theHLfom 

moro rapid thao ita deoUoe, which oocupioa atnut 4 daya, and la not unbcrm, but subject; to alight cadllatinna Tb^cbangoa 
an repw^ with groat r^pilarity, The Tariationa am thought to be dua to puluatfona iu the atmonih^ of the atw, but the 
cause or th* variabUii^ ia edll in doubt. 











INTERESTING OBJECTS. MAPS 5 & 6, 

(R-A, II, Hita. TO VI, Has. Oia atTN, to eO'flJL 


Double Star& 


fepocH leaoi 
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£>hl 
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Dht« 

E9 
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*48' 

fi-T. 
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30 
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96 
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c 

" 

S 

54*5 
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lo¬ 
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1914 

i 
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II 
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+ 25 
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5’7, 

78 
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1924 
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7-0, 

71 
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7f 

4 

53 

+ 16 

Sfi 
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U'i 
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4 

35'4 

+ 2S 

51 

6fi, 

SiJ 

m’i 

4^ 1 

1937 
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fi 
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+ 35 

7 

58, 

66 

■303*1 

t-^-Sr 

1949 

i, 6 

Triaagafi 

% 

9'E • 

+ 30 

4 

50, 

6-4 

74* 
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liSj 


RelitiTojj fixBij. 

WTiitft and tilae, RAbL^Tel^ 

Tliet^ fft a 10'2 mag, stAT at 110*j: d. 25r (1915}. 
Teat for S-locli toloacope, 

Triplo, 

Fa. Tfiry ilnwly increaaing^ 
tl tna(5, ftt4T at IT-l dbtaooe, 

T^t for l-iach telfitoope. 


HetatiTjelj Gaed. 

Yelbir and bine. Relative] j ap.m. 

% 7 mag, (UH- T&UdTlch, Ltttl* mov^. 

[sHllb 

Very ilow inereau of F.A. 

LitUfi ebango. 

The B-9 itar |a a dIom doubly 6 
/’.A. iiowljf increasing. 

Topaz juid green. Tine oontraab 
Little change, 

HelatiTel7 daetl. 

iWatiTnIj £jcei|, 

YdlowLali and blniiL Ebtatimlj fixed. 

P.A. increuiDg. 

Fine field. 

Ko obangie. Other cten in fielU.^ 

Rifftl. The attendant is hi u tfh, Teat for 2*Ln. 
F.A, aloirlj deoreating. Test for i-inob. 
Relativeij fixed. 

RolatiTely fixed. 

Ibalatirdy fixed. Teij fine zegioii. 

The Triftpesitim in Orion, Tw® other stara a 
Rolatlveljfixed. NDbaloQBgiov. [testfor4-iiB, 
Fine gnemp with itrikiog eolnurg. 8 atara in I .in. 
F.A. ilowjj iiiorenarng. Test for S-lneb. 

Tut for 3-ineh telesoope, 

Yellow and blue, SoTeraJ faiet cmnitti. 
Clowlj/ IfiPerstii. Teat for 3-ineh, 


ReUtiTelj fixed. 

Slow change. Probably a binary. 

Ealatiroly fixed. 

Afdibarim. DIstanw l&oroaai ng from p.n. of A. 
F^A. deoroaaing; diatanoe lucir^asing slowly. 
F.A, Tory slowly inareanng, 

Ynllow and bine. Finn p^r. 



























INTERESTINQ OBJECTS. MAPS 5 & 6 Ooniinu0^* 

II. HlA TO VI, Hno. tHD. QO li, -TO OO'SJ, 


VarJalitc SUrs. 


EmH tBVO, 




, B.A. 

IJaa. 

Var.ofwaf, 

SpadtruiQ 1 

j Paiied 1 

1 Ifotoa 

e 

Aurlfv 

! 4“^ 68"-4 

+ 43" 

44' 

3-3-4*1 

F6p 

2714 yra. 

Spectnoieapi* Binary, 

0 

Ccti 

i 3 

I6'8 

- 3 

13 

1-7-9*6 

M* 

631 day* 

1 i^tm. Long poriotl vijiabl*,* 

R 

Leparb 

! ^ 

67-3 

^14 

£3 

6“0-Hl4 

N 

450 ,* 

Kitiii''* * Crimeon Star.* 

* 

Chdouia 

® 

£3'6 

+ 7 

34 

0’5-ll 

Ml 


Ii+egnlar variable.t 

V 

»r 

; 

62-9 

+ 20 

11 

5-4.t3’3 1 

5l0 

374 diy* 

Long period vnriAbla 

P 

PeTMl 

? 3 

30 

+ 38 

39 

3*3,4 1 

M3 

, I 

Iiregnlar variable. 


It 

; 3 

49 

; +40 

46 

3-3^3 6 ! 

M 

2-87 days 

Algai. The bjpical AlgoBd.l 

k 

Tanri 

i 3 

57-8 

+ 12 

20 

3 3-42 

B3 

3-9 „ 

Algol coupling bype. 

» 

Triiiaenli 

! 3 

34-0 

+ 34 

3 

68-12 0 i 

Me ' 

1 270 „ 

f Long paiiDd variable. 


Nebula and Clusters. 
19ia, Auri^ 5‘> 25»> ^3, 
&‘'53“‘0, 

2099,5137, „ 5^+9*^5, 

1063, MH, Ceti, 2^40“ I* 

1976, M42, Orimi^ 6^ 32^ 6. 


369. H.VI 33. PsxKi, 2^ IT- 
834, H, VI 34, „ ^ 20“-4, 

1039* MSi. 2* 58“‘8, 

1435, TAvi^ 

19B2, Ml, T*nrl, 


(Maih S ud 0) (Uftltttmd lEf^ l^AK 
+ 36" 48'. A ^tnido^T 1w«e, cruaiEorni cloiter, ia h glcrncuM oeEghbcrntbood. 

+ 31' 7^ Ad open oliutieT of atars of mag. 8^14, regalarly arrangaii 2'/^ Aoiigit 
+ 32' 33'. Fmo opea elmt^r. Ruddy 9tb Dugiiitudft itar ttear the oentn. 

^ O'16'. Hmftil, roQsd, laintiah uobula^ EWDtrailj inopd&swd. l"/3. aliglitly B. 
- 5 * 36 '. Tt» OtMt NDbala in Oriina, Tidbl* to ilio aafeed eje u d OrkiDia. 

A gmnuk, irH^gukj', Cui^1]ii]wd ht»i aeen with »law power. 
With bigber poweri, the bright +Httygeiii*a^ regiim tlsow* a 
tsci^tJed Appeftruco 'liku the br^ikkiug tip of m. o^^kerel aky^ 
J. Uerifcbd). laeiucleti the -Trapeiitiiu' (aee prefiotia poge). 
Two amgoificent cliutera, vtiLLle to the nakvd eye, and flue objeetii 
etm is fnuU tolesoopMf; the (Lkuetor of each ii about 45 ', 
There ie a fine niby star uear the cefitire of ^ 84 . 

A ftne looue oloa^eir, just riiiible to the naked eye] it ooDtaijia the 
double ator 0^44. A low povar ia ivqttiitHJ to oorer the large field. 
3*‘43"'i, +23* 37'. Feim nehnla* Dear Jfer^ m the Fleladce^a dortor which let^ulrei 
a very large field } well Been Id finder, Ordinary eyea aee aix or 
aeten etara^ but some can cannt many more, 

^ 31“ -5* + Sr 69'. The ' Crab Nebula,' near £ a faint, oval, gaeeeua nvholtL It* serrHted 
outline U vialblo only in large iDstrumento, Uisooyered 1731, 
and forgotten; ite r^uooverj by M«*Mir in 176&| led him to 
nuke hJa oatalogne cf 103 aebnalje; 


+ M*fi5'. 
+66-63'. 
+ 4r3T. 




* Mirm^ ^ Tb« WntflarfiiL' ItmiBHD m a oew starfor ■ fnr WBoki hy PabriolbielD }ipi, hi 4 ty B*iJ«rla'i0@9. whe b ■■ 

a D«ti. It wiOfMhliraKQOpl hi a fnrahqbt 1 aiMiUH.riDUhfl to > rainimuin ef B'£ Id VQ then it b*ea{aea -rudbifl t« tliaaak«l 

•^4 far (I manth*, r^iog it maTimnni iudbUj te 3ni or 4tk hut lattietlinH tv CUt ar Sad latg. lu rba k mart rapid itiMn 

falL atinatimaiD ih*light iner Huw t hum ItOO tiiiHe. appinottpM the reHilb of outhanta f»f hjdro^q gij. Htitto period SSQdaja, ^ih 
Laret *tJrU>tloea 

t BrUlffttitt li out of the reddott of the h9%ht riara It* aagblw dlamitar, nliwniTcd bj iaterfeniaicUr irlU:^ Uia lOO-ia, tolattepo^ 
b about 0"i]i4&, giring ao aotoai djameter of about !!OCl,aoa,O!0O oiilea--large acouu^h ta icnaudo aulif tb« whole mbit af the varth. aiuiM 
the muMurwi mrj, It eppoafii that pvlutorj ohaugwi in the eeai^i diaEnttor ma^ be eoiuieolad wflh it* TariabiUty. Botolgnua Iua a ■""" 
dirtulty abeuL 1 mnUoutta thaL of water op that of air. 

I Ibi oasaa, '^Tlu Daouia Star/ USIS^^ ^hat lla vaHabOity WW knoiau to ih* Araba ewturuB ago. I| ia typlml of tba ^ dark- 

anUpiiBg' variablaa. Ita raagnituda for ahoat 2d. 1 Ik. liuikataatkliy eoeatant at 2*5, but with a elfght Moniclarj AU and riiw, of ^ mag^ 
at ha]f-waj [ it than doervaeai ntptdlf to Inegi 3'i ia aboot S boun. and in anoLher 6 hinin regaina Ita orifhul brightnoH. Fariod about 
«B houn. Tba ^ihaufe of li^^ht ia due to Cwa Jtan, od* bright, th* olhar I^ot,, rwrf Oloio togatbar, nTolring rooiul thfdr oommoa ooim of 
gravity, and matnalty aoMpaing <meb otbiir. A third etar la iaelndad in tba ayataoL. 
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ReUtiTelj JUjd, 

fijted. irt. 

j Bioajy, P. eOjflin. WlcJeit I'-l in Itfifll 
1 THirri Btar 0-5 nt 0* 4 iJiitnnewi, 

ilowlj iusreming, li oomtaBt. 

XittJe i3hBng)& 

Yellow and bias; fine contraaL Ko ch&ngeL 
^,A, elDwlj decreniiii^. Test for l-inoh, 
Retntivelj tied* 

rtelnftiTclj filed, 

Siritu, The t>ds 3t*r. Wide*i 1 r -5 in 1975, * 
Yellow mod bluo+ Uttl# cbangow 
IlektiiTelT fiieti 

11-2 mag. stor nt 21" dutaneo. 

Yellow nod blue. 2?o obangn, 

deareafling. Inertiase in dietneoA. 
RelatlTflly fisi.'d. Light test for S-iacL 
5-2 mag. iLar b jEllowisb. Toit for Edneh. 
Cojitor. Tery fine objecLt 
Relative] j fixed. Delicate p«r. 

P np $ HTdrm. EdatiTely GxedL 

P.i, Inereadng. A a elose 15year biBary. 

IHatance decreasing. Light tstt for fi-jneh. 

CJtaie hinaTj. Feriod 117 yeara. 

Light teat for 4-moti teliieco|ie. 


movement. Orbit douhtfnL 
6-2 and 6-i form a binary | very long period^ 
ItelatiToly fixed. [retrograde. Teat for 3-iiiL 
Light t^t for S-inah telfiBoopei. 

F^. dacreasiag. 

Yellow and blue. Grand low power field. 
Baantiftil fixed triple star. 

Binary. Dircet EsOTemAnt. 

Eelativoly fixed. 

PJL diminuhiiig ilowly. Teat for Sdncli. 

F.d, increasing, el. deereaBing. Test for 4rlii. 
Binary, Ferbd llfij yeara 

lOtb jaag. atarat 69" d. makes with A., h4l36. 
Fine von t Fast in mioora, 

P^. ilowly InarsaeiBg. 

Uitiary^ Period ynara 
P.A. ilowlj inoretiaing. 























Interesting Objeots- 
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Maps 7 & S — ConfInvML 
£»ccl acru, TO so s^>. 
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EroDK lOftOi 
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Long period vAtinble, 
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-49 
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4 1-49 
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NeblllfS ftHli Clusters* (mapta 7 and t) {UidtUeniUM. an thou *f tSt 

3SA2, M14, C»Q£ii, 6^37“* "3*+20'iff* Praptap* (tba BeohlTe} of the an&imta, A 1 iu®b scottersd elaiter 

aJmoflt resolv^ bf naked eje j sontfuas loiDe OFftogQ 
Beit leen in Unhide, of witk vesry low poww. 

26fi2, MST „ ’6» +13' A Toagblj circwlir, open daiter of faint itam, diam* Sf, Low 

ponrer object. 

3287 Caaii 6^44“ *tt -20* 42*. A flue ijf^ea dtutu of bright Bfcm In onrFWt Juat iriaiUe to the 

naked eya. Th*™ ij a nddj itar n+ar the oentre. 

aifrS, GetffiMrtm, ^ &* '7* + 34* 21*. fine open oluxter of bright lUra In itnsama, with many lainbor itam 

Betwefin * CJemiiioniTn and f Tauri, a Little to K 

3332, H.IV 45 ri 7^36“-3, +31' f, OTal pliaDtary nebola, abont 35" in diameter, with fl'6 mag. central 

ttar. 

3144, E,VJI 3, MonotBr. (P'aff^'O, + 4* 54*, Beaotifnl open oluf tar of 7 th to 14ih mag, rtan, Tiaiblo to the naked 

eye. Ineludofl the @th meg. 'giant' yeUow itar 13 Monooerotii, 
probably nearer than tho oluater. 

aflOS ILVl IT t| T^fi7“"S, - 10* 2r* Fine elond of hunt itaca, t»ag. lO downwards in grand region. Beat 

seen with low power. 

3437, M4Q PeMria, 7^3Sf»'6, -14*43'. A beantifoi olniter of amall atara, about 3ff in diuneter. On Its 

Borthero edge is the irregular pUaetarj ring aebnla 2438^. 

2110, ILIV fl4 „ 7^ 39“ - 18' ff, A bright, blnfah, pianefcary nebula, in a rich neighbourhood, beet aeen 

with a Tnoderatnly high power. A IQth mag. ruddy star foUowa 


■ Tb# brigfatetb Ktar. Batwean 13S4 uhI IB4*. BrwJ that It iuA mrj in-vsukritln in tti {wopBr |iu44nii. wl OMiae to 

tba cofidiaHra ihitt the vUibk itu- mutt be ruund tba «atn cf of it»U, and m- MUptmin mImt, Id b parnd of 

about £4 >^«an> tli* avnKt. of al^ajt ItL magnitudH, warn dlscEFfwnd by Olalk la UHS tu*x ita predirtad placa Ualwu at»ai|?btiHocoo- 
dltioni art gn^ It It dldk^lt, to mom it 4^ wben widtat,tluiiugli it it aiuiiatiinH ritfbE* in a 6 moli taksoop*. to wJiea 

ejic^t (about S') the Itlqt aUr ma It wat saxt h«i by fturn h^ in 1494 [dl and wtiieiwd tO tti irvairiiinnii dflEanjue df 

ir’*5 il>OOt 19S&. {t » DOW (1444) ^rapidly ckiiog, and tram 1944 to 14G0 wtll bo iarktldii: Is ail umpt dia larfoUi Wloaoopn. Tfa« oonct 
{■ • ■ wbfta dwarf' {S^tiwn absQt PT). enlf aboot l/lO.OOOlh aa brigbt aa ita primaTy, but with a mMa | aaervat. Its dwuity b 44,000 
ibu« that dI tbi Sim, w 50,040 tiTnu that d( watar. tta dliaiuBtra b onty abimt SB,000 mSciL bat K natailu iliucnli u much maLteraa 
tha Bun, wbsu dlamatw' b SBl,0(N milei. VyuMUky (1430) obLiiiiad dUIimit rwrulli, a meas mignitudeaf T'l,a dlamater of 18,040 uiilu, 
and i disiity only 1 (kit qiualty adnpted. 

t CMor. A Ttry fitu dsdblfi and hbary atir, In iriow patrofinada mcitiaD, wilh a pBriud of about VOO yion. 1ii« cempMKbt tbn 
at tbor widdat dkicaniie apart, 4'^, about 1484; tbay ara bcw ckung and willwbtEb1» to do n for ama* ywiu Both esl Uu atacitarW 
i|Ktra«>f[b1Mnari«, withpaHodi ef abentd and 4 d^iraipK^tiTaly. A Udrd faint alar, altaa clnaa hLsary, formi |)af t of tba hum lyi tarn. 
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13 
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I Notoi 

I P-A, d ecFQuIag. Btvm bl^iili 

deenuing, 

BektiT^lj filed, 

Cof Carati, KelAtiirelj fiiad, 

Binwy, period 320 years. I^.A. dwruiuit 

PJt. ilowlj deoreuiDg. 

Idttk c]iAng& 

Tlelstjv«3j filed. 

Binity, period SO years, 

Eeleiiirely fixed. 

ReUtively fixed. 

LfldJe e2^ge. 

RektiTsIy fixed. 

Little obsnge, 

Biqmrj, P, 3fit y. Wideoliig, dKreasmf. 
VoUew imd greenixli white. Relatively fixed. 
Long period binary, F.A. inereuiag, 

PAn ts inareuifig. 

Eeiatively fixed. A ii yellov, 

Blow inemue of P.A, 

Belfttlvi'ly fixod. 

P.A. slowly moreasin^. 

P.A. deanusing. 

Binxrjf P.407 y. P,A, and diatsoee iboreasing. 
ULtle dmuge. 

Slow ioeceaee of 

Binary of umeefEun period. Cleeing'. 
Relatively fixed. 

Yellow and lilac. 

9-0 magnitnds star at $3" diitanen 

Liitla ehang«. 
tittle change. 

Binary, F. 00 y. doaeit 0^*9 in 1033, Wida& 
Eelatlvnly fixed. [ing to 19S0. 

P.i* iJnwlj deemaiing. Cemtr variable t 
.tfuor. N^aked eye pair witli Alaor, 


Belativaly fixed. 

Relatively fixed. 

A aplsndid binary star.* 

Teat for S-inuli. lOth mag, iter at Tl" dlstanoe. 
Relatively fixed. 

Teat for ^inch telexaopo. 

Binai^, FA. inanaiiaf. 

























Interesting Objects. Maps 9 at lO-cofi«nuMt 

m.K K, Hne. TO XiV, Hn*. Otn. eO‘N. to 


Vari^Me SiM 


Epooh IftSO. 
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Canem Veo. 

H.A 

13*4^“'S 

+S^47* 

Tar. of raag. i 

6-1-13 6 

Bpwtrmu 

Me 

r«ried 

333 days 

Hetsa 

Long period variable. 

n 

Cajin* 

10 
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-59 

26 

>l‘0-7'3 

Pee. 

... 

Of 7 ArgOi, IrreguliUF.t 

T 

Ceoteuri 

13 

3d’9 

-33 

91 

6'9*1&0 

Me 

90 days 

Long period variablo. 

V 

Uydm 

ID 

351 

- 13 

T 

4i 643 

N 

... 

Irregular variable. 

B 

ii 

15 

26-9 

„a5 

1 

i’O.lO'l 

Me 

415 days 

Long period variable. 

w 

*1 

13 

46-2 

-s§ 

T 

e-6- 8 0 

Me 

384 ,1 

»i *■ 

T 

Utsofi Usjerie 

12 

541 

+ 59 

4S 

6-5-131 

Mo 

^54 „ 

tp If 

E 

Virginli 

12 

30^9 

+ T 

16 

643-12 0 

Me 

Ui .t 

Pt 11 

S 

WW 

IS 

30^4 

6 

OS 

6-6^12^3 

Me 

379 „ 

■ ri 


Nebula and Ousters* (nnupa a Mnd io> Net. on ^tht n.o.€.} 

43^, H.y 4^,CiJiiu& V., '1^, +47'34'. A Wge p«Liir'»bii{ifid. offbuln^ vith naokiip in tba loutherD part. It 

i» wotoftlij 4 Spiml irith twQ nwin urntf, fuid many tiD^iiileiisaliciiii. 


M63 II 13* 13“ »6, + 43* IS'. A bright, ot* 1 B.#buU, S' jt S', witb central imolflua. An Sth mag. itar 

clcHnly In phQtngjnipJtm i% app«an sa a Spiml, 

compact whorla. 

5104^ MSI „ 13^ ST™ ^3, + 47* 27*. Tba Urgar cf two nebale nearly in oontut Bpiial aa seen In 

IS-uioh tele»op& 

fi3T2» m 3 »t 13^ 33“ -9| + 3S* 3S. A beadiifnl, brigbti wndenoed globnbr oldster. The outer parts can 

be roteilved into etar^ with a 4-iiidb. tdeaoopfrj and the whole 
dltuter in a 3-incb, with high power. 


3373. A309. Cannie, 


10*43™ 'Ot ^bB* 2S/'. The 'Keyhole Ifebdlai'' a difuicd branching nebtila roimd ^ ArgAa 
Ojueom. 


3332, A323 „ 11* 4™ 3. - 33* 34'. 

&lS9,n. d^naari, 13*33-f,-41* S* 

+B01, MSS, Codue Ber., 13* 39™ +14* 4T. 

4&e6, H.T 94, IS* 33^ + 2|' 16'. 

4S26, M64 „ 12*B4“-3^+Srfl7'* 

324^^ H.IT ST Hydne 10* 33“ % - IS* SIS'. 
3&S7, M9T Ui™Malo(iill*U“‘a, +6fi* lT'. 


A magniflo&nt elaater of atan from Sib-13th magnitude, 

A noble globnlar dniter. Like a tailloH comet, nearly 4Lfa mag. to 
ibe naked «ye. It is ^ in diameter, and oontaina thotuanili of 
13U) and loth tnag. aterw, 

A lengi bright nubula, with bright centre and oondenaatinna. 

Many nehnbe in thhi region. 

A much elongated nebula, IS' x 1', with bright eanire, and dark 
longitudinal oentre itreak. The iargeat edgewive Spiral. 

The * Blaek-eyo Kebulo.' A bright^ oval nebola, with a dark central 
area of absorbing matter, Tiiible in large teloKKipea. 

Planetary nubnla, 40^ x S6"* with brighter inner ring. Pale blue 
tint. 2* K of ^ 

The 'Owl Kebuia.’ A large, faint planetai^ nebula, 3' in diameter. 
Large aperture,, low power and clear night are required for 
a good view. 


* ^ f^iryinA A fisc bitwcy aUr with ^ pniod of kbcnit IS4) jwir*. Item+ttii tiir; ticecntrliL In llTBO ICi dlalMU^ wh ti'tJMOd 
up tiD in 1G34 A], it ippurHl ibgl* in •]! but th* Gwl DisrpiLt {P4-in. apCttunX whinh ctimgaM tb* |.tar. TIib (air 

tkwn vidbOHl, teoomiag u tvlMap^C objaib. aaiS nHlirag fti wLdeit (4'"'39 about IDte. U la now flDtej dowly wnd wHl 

a^to. appear ihi^a, *iW*pt In mitnunanLip aboat iba jmt 2014. 

t c 6Wina. It mia aua u a 4 th magudtvdv Vtar lb 1477, Mid oMEtlMcdi teitwwn that nuagnhiute and tiO 1M4, whan 

tt begas tu ri* 4 , macblog lat Esagaliade Sa 1837. H fall to Sod maj^teda for about 4 JWW, rm# to OUig. 0 In Adtibhdlag JUsiel, 
fadod atuqewbat^ and tbm, fb 1S43;, bMama najp ^111, abont aa liri.^lit la C7a>wpiii. that maxlnittU. it dooliBad tUI 

Invialble Uh the naked cyo ateut 7tfa mag. IGTO. Slow than It bsa Hot cl3iHlg]nl moob in brightnaw. ft baa a peniLiar ipHUnm 

with bright Unw. and ifauKtil, pmbafo, te riaiaed with tbs Hen. 
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52, 
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110’ 
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Kivbci 

Utile changa, 

EoMimLj fixed- 

Cmmt A cloae bloAij. Feriod 40 J jttin. 
F,^.i]AwliirixicrQa»ng-FrDbftbly ApbjxicflJ pitir. 
EitLAry with Tary fieMutriu Arbit ?■. ISOyn. 
( /’fct/rA^minui of ^trntv. Yellow and bine, 

I I*,A, ilowly iAorfHOMtig. Test for Sineh. 

BbiAry, F. 152 yri. d mcreiialjig t<i7'^’3 In 195S. 
Binary, F* 20S yoan. Highly tnejined orbit. 
Kd ehange aiuee IM% [doemg. 

Binarj, Perled about 230 yean. et lOO" d. 

^ A! 50. Relatirelj fixed. 

Biajtfy. P* 43 yn, Wideaing to 1"-1 ia 1950- 
Bcaotilal ohjeot. Little cbangB. 

Binaiy. Very loag porlo<L 

Id Dfaoonls, 60 mog-i £Ky"'4 diituit. 

Binary of very long pedod. F^. deereuiiig. 
1^^ and v’k e.jj.frt. Eioa obJeoL. 

Little dkaoge aiede IMS,. 

Dinarj. Period 34 yearn, Wideit 1054. 
Long period binajj. Widening tittce 1900. 
Orange and griien; A is x;ariable. Little change. 
An optical pair. Diatan oe d i miniahing. 

Very alow iaorease of 
P.A. ilowlj deeKaaing, 

Qhold and bloa 

Very Uitla change in either F.A of diabanoe. 
Teat for 3j^-ineh tsiASeOpa 
FJi, decreasing. 

Fd. dfior&aaingi 7'3 mag. itar Si'' (/. 

Binary. 

Binary. Period 135 yean. Ctoaeet in 1945. 
Test for 6-inch teloKope. [tanca 

Binary of rery long period; liow nhange of die- 
Orange end blaa. Fixed optical pair. 

Binary. Period 324 years. 

Binary. P.44Jyxa. T'3 mag. star at T^’d, 1026. 
A hu a dose $omar, mag. fi '5j at Of' 8.1 $^7- 
Both A and B are eloao dotibles. 

B'e change rinro 1S23. 

Antarat. Bad and green. No sertain ahange.'* 

Belarirbly Axed. 

Very near tho nebula M5. 

Binary. FJ. deoreaeing, dUtanoe Incteaaing, 
Relatively fixed. Test for S^LnoL 

Little mlatiro motion. 

Ti4t For 3-inob teluoope. 

















Interesting Objeots. Maps 11 a i2-conwnu«t 

(R.A. XIV. HHl to XVIIL HAS. EHlc. «0 N. TO e0'&>- 


V«i1able Stars. 


Ero«H IBBQ. 
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Me 
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I^e&g period variahlta 
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27 
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M2 


Irregular variableL 
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IT 

15’5 

+ 33 
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4-8-6‘4 

B3 

3 05 days 

Lyne type, 

1 Librm 

14 

55-3 

- 8 

19 

4'6.6-2 

AO 

1 3-33 „ 

Algol type. 

U OpIuEicbt 

17 

il’O 

+ 1 

16 

67-6 7 

fig 

1’6B „ 

ti ii 

t IP 

IT 

B04» 

- 6 

a 

6 1-6 5 

00 

171 „ 

Cepheid type. 

X Snglttnrfi 
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44'S 

-27 

49 

4-3-5-0 

F8 

701 „ 

1* H 

RR ScorpU 

16 

53-4 

-30 

30 

B-e-11-3 

Mo 

37D „ 

Ijong period Toriable. 

R SeiMnUa 

IS 

46-4 

+ 15 

IT 

6 6-13 4 

Mo 

357 „ ' 

Long period T*rimble. 


Nebuls and Ottsiers. n And 


6206, M13, Hercnlis, 

ie*39»-9, +36*33'. 

6310, 25M 

16^42- % +33* 

6341, M92 

17M5-4, +43'12'. 

6067, A560, Mofm*, 

9« -4, -54* 6*. 

6273, M19, Qitoiii, 

161^ 69* 5, -26*lSr, 

6494, M23, Sagittonl, 

17^54*0,-19* r. 

6093, M80, Seorpli, 
6131, M4 

6405,3(6 „ 

6475. MT 

5604, 315, Eerpentis, 

16'^H'^ 1 , -92'6r. 
ia'‘30* *5, -26*34'. 
17'36^ 7, -32*10'. 
IT'50“-7, -34' 4Sr. 
lB'lB“-9, + 9*16', 


II AQd m nm. wt tnw 

Tha *Qreat Cluftcrin Heraiale*'—« gmid glcbuJar eluator ftf tlianSAiida 
of MimOf |u« ¥i«bk to the tL■k^f4 at»ut j the dlitAUoo from 
to £, Centn)l:j fvaolTod ia fl-ineii telescope. 

A iiaielh hrighi, with a blaiih dise iboat m 

dUm^tert aitd mrooctdled bj* a faint glow, tp !I1 HcrciiLii. 

A Terj' fios globular duster, aboot 6* iu disaiettr, n^mbiiag MI3, 
but imaUer and doser. It fofTM a trWglle flfith *■ and iji 

A large rich cloabBr, SO" in diameter, composed of start of I0lth4 &tb 
magnituda. 

A fine globular daiter* 6' ui (Jiametor. Very loir m the latitude 
of British IstelH 

An open dniter, 4?' tn duunetsTj with stars of 9th-l jth mag. Fine 
low power fieldL 

A bright, and miieh cmiilefucd globular clniten A mass of foijit start. 

Eafllly reiolTed dott«r of rathar faint start, IS* in diameter. 

A most be&Titiful open olnater of start Mi ke a bntterdj with open wings,* 

A biilliant open duster of bright Start, risible to the naked eyn 

A Sue globular duster, W in diameter, eomposed of llth~15i.li mag, 
stars, with much-oomprassed c«titr& Closely 5 Serpentls. 


* J utoftt wu P 0 asmd bj ths Qroikt tram Its dinflarftjr to dw ruddf Mon Ans) in regard to odmir. tt !■ iwjr luiDiEHitii 

'sapsr ipsnt' itar {SpMtmm MO], wEtla a diunstsT oF abaot 870,OOD,Ode milw. Iti eiwwi, gmii lu eotcnr, bi not uiubUt nen ss/qspi whaa 
atmosphsrie cdudidoiw hti favMuabliL 

t tt CWftw Aomlii. 7ot utb*! yma% idiiutljiD»u monf si alns, i}ar rsmiJiis ntIE j uroul brijghtiiHaM nf ji.lHiOt8t1i Uigdiuds. 
Ttien it dacrtasas cari'ltj ^ mmnki iMgaUadas to ■ mlnimaea oagaiUiilfi of la's,. Aftw a iborC tim^ nr after HrenJ dyrlagwbloh 
miUEir Sud^aaliDM it nin tgiin to Itt Doniial brightasu. 

* f CbrVfHS fdrrofii—the ' B!laro Star.' It 1i*J 18BA tldi star nwa mdilvblj' fmtn {>'8 to 1bi4 nuigtitlitda^ Kiae daja liter U botiasie 
lov^di lo tbs aaked «)-«, tiul aftar > few weeJu it fkil to tbs Bib taa|{iti!m^ It nsrliad to Ttb magnlmda anti tbsU desrawsd tc V-S 
ud eftar babg lorMbls to tbe natod lyo for marl; BQ ymrm, ft fiM io 8rd iss|!, on Fob. 8^ I94A, hpt again faded npidlr- 











Interesting Objects. Maps 13 & 14. 

inj* XViii. Hml to XStit Hm. fiifa to 


Donf^Ie StarSi 


Cpoatf iQBfk 






Dh, 


PM 

DUt. 

Data 

19 

Aquorii 

31 

l*-4 

1 - 6 

* 1 ^ 

6 i>, 

8 1 

102 ' 

+ r-g 

i.ias4 

^3404 Aquilc 

Ifi 

4S'4 

4^10 

55 

5-8, 

7-0 

163' 

1 r-4 

.jisso 

11 

„ 

la 

56S 

+ 13 

S3 

6-7, 

9-2 

370’' 

'iir-9 

jisaa 

33 

11 

19 

KrO 

+ 1 

0 

6 5, 

95 

S' 

i r -4 

il920 

3^3533 „ 

19 

27-7 

+ s 

48 

6 - 0 , 

10-3 

4' 

33"^ 


w 

If 

19 

46‘4 

+ 11 

41 

6 - 0 , 

6-8 

US' 

i IM 

iim 

a\ a' 

Capncoim 

20 

14 9 

,12 

40 

1 3'3, 

42 

nr 

1 376" 

1 

tt* 

u 

20 

10^3 

- 12 

42 

1 5-8, 

110 

168 ' 

j 7"i 

liau 

T 

■ 9 

20 

245 

-18 

32 

1 S 7. 

8 'T 

146' 

1 


P 

Ii 

20 

aoo 

-17 

69 

1 5^1 

7-8 

168' 

■ S '-.3 

= 1 &SB 

e 

*1 

30 

270 

-18 

45 

I s-s, 

88 

239' 

2r-9 


Tareo 

CephEl 

91 

lOS 

+ 59 

*7 

6 - 0 , 

7-0 

319' 

1 r-i 

hsss 

hfiO 14 CoruoRAu*. 

18 

3 2 

-43 

36 

5-8, 

6-8 

23r 

i r -i 

h93^ 

a 


IS 

29'9 

-38 

46 

60. 

6-6 

359* 

2V-Q 

h913 

J 

.9 

n 

3-1 

-37 

8 

60, 

6-0 

67* 

1 2*4 

!1934 

j 

S2486 

CfgnI 

19 

ID-S 

+ 41 

45 

6 0, 

65 

216' 

[ S-'-S 

jl»S6 


91 

19 

sa-7 

+ 27 

51 

30, 

6-3 

5fi‘ 

i3r-6 

|IBS4 

16 


19 

40’8 

+ 50 

24 

5U 

0-3 

134“ 

SS'-’S 

iias4 

6 

»p 

19 

43-fi 

+ 45 

0 

3-0, 

7-9 

263* 

r-9 

il930 


Ji 

19 

54-4 

+ 52 

IS 

60, 

7-6 

179- 

3"1 

h027 

23fl71 

il 

20 

IT’3 

+ 55 

14 

6-0, 

7-4 

338* 

r-i 

11924 

49 

»l 

20 

39 0 

+ 33 

S 

6^0. 

6-1 

46* 

r$ 

fl&Sfi 

153 

19 

20 

4S’6 I 

+ 30 

33 

4-0, 

9-3 

65* 

r-4 

[19£A 

£2741 

■1 

20 

36fi 

+ 50 

16 

GO, 

7-3 

31* 

rW 

[i&se 

61 

|i 

21 

4-4 

+ 3S 

28 

6-3v 

6-9 

134* 

aa'^-i 

11929 

T 

.1 

31 

12'6 

+ 57 

49 

38, 

s-o 

160' 

0"-S: 

1B£Q 

y 

Pelpbifll 

20 

44-4 

+ 15 

67 

4-0, 

041 

370* 

10”'4; 

IlfiSl 

39 

DfOCfKltS 

IS 

33‘2 

+ M 

46 

*h 

77, 


liPli 

1036 

*. 1 

Ee];uu1c1 

20 


+ 4 

6 


% 


IBSS 

100 

Hertulii 

IS 

ss 

+ 26 

5 

50, 

6-9 

183* 

iril 

10S3 

£2-189 

» 

IS 

79 

+ 16 

28 

6 0* 

7-X 1 

235*; 

r- 2 ; 

1Q3S 

$ 

Indl 

31 

16-3 

-63 

40 

4-7, 

7-1 

279' 

6"-4; 

193S 

« 

f-yrae 

16 

Sfi-S 

+ 36 

44 

0-9*10-6 

169* 

66'- 4 - 

tm 

eJ 

Ii 

18 

42-7 

+ 39 

37 

+■6, 

6-3 

6- 

r 9= 

1335 

a> 

If 

IS 

42 J 

+ 39 

S4 

4-9, 

6-2 

iir 

r^; 

193l> 

t 

rp 

18 

43-0 

+ 3T 

33 

4'3, 

a-e 

I&O* 

43" T 

mA 

1 

.1 

19 

12-0 

+ 39 

3 

4-0* 

8-1 

83‘ 

2r'2 

ISSA 

70 

Ophhichl 

IS 

3-9 

+ 2 

33 

4-3, 

6-0 

ire-: 

G'-e 

1937 

£3376 

II 

IS 

3-4 

+ 12 

0 

SO, 

7-Q 

258*; 

7'! 

1924 

K 

Pr;$aai 

31 

42-4 

+ 25 

25 

3 9* 10-8 

290* 

s 

19£4 ; 

y 

«■ 

SagitivU 

20 

20-C 

-42 

35 

6-0* 

7-3 

228* 

l'*'l? 

I 

1036 i| 

39 

Serpen tw 

16 

24-6 

+ 0 

10 1 

5-5, 

7-6 

317* 


1921 1 

£33jE 

ji 

18 

430 

+ 5 

26 

6-2* 

6-6 

110*1 

2 '-4: 

loss] 

& 

II 

18 

fiS'7 

+ 4 

6 

4-0, 

4-2 

103* 

32"-3i 

IBSOl 


Ta*t f&r S^IbcIi 
R* liitivdT fired. 

OptiMl prir. Tmt for l-lach telaii^pfl, 
ConKM leeti With high power^ 
for 2|.inc1i tfttesBope. 

LittttJ abrnge, Teit for 3 ineii t*l#Mopa. 

Seabed *yc pair, al^, D niiig. wmu et IS", 

B 1j * elose double. Test fgr fi-ineh. 
lielntlvelj fixed. 

Diitmce EBrd ilo wtjr decreuijig. 
BdEtiTielj fiietL 

Teal for 4-IhcIi. P^4. iIdwIj dmonr&iJcig, 

Binuy, perfiwi about £00 jeun, 

Itebihtivel^ 

Binaiy, psriod about 130 joan. Teat for 
Beautibjl field- 

Yaltov and blu4 Grand ooutnuit^ 

fep.n*. 

Ix^ug period h\mrj, 321 yeara. Tmi, for 
Slav deajrciftae! of P.A. and distftDoaw 
Teat for 3-ino1i tsIeMope. 

Yellow and btue. 

In tlie branching nebula 6060. 

Teat for 2^-mch teleacope. 

Dlftanen mereoeltig frczn 16”,, 1760.* 

Binai^f period iS jean. 

Yellow end amorald. 

Triple lUr. 

Tripii, A+B tofta a o1c«a binarj. P. 101 jn. 

Two faint eOTnitaf. 

Ducfouing P.A 

T.A . deomBiDg. diatanee uieroartng. 

An optical pair. Ilktance increoaing. 
j The "Bottbla-double." ii oml i* ana at 306" 
1 diitance; eadsi ie a binary, 

^latftdj fiiftd. 

Throe other 110011 pair* in a low power field. 

BiDOTj, jP. 88 yn. Wjdeat6'''’7',, 1933. ClDetng. 
lt«latiT«]j fired. 

A ii an extreinelj doee binary. P. ll-i yean. 

P^ A. moreaaingi 

Helativelj fixed. 

Teit for t^-inch le1«ecop& 

Fine pair, 



























Interesting Objects- 

m.A. KVni. Him. TD XXIL I 


Maps 13 & 14- 

Uh PKc. eCN. TO eo ax 


Variable Starsi 


11IE0. 



AA 

Om. 

Tor. of in sf. 


FSHenl 

Notos 

R Aquila 

19* 4"'0 

+ 6* 9' 

SB-UH 

Me 

310 days 

Long period Tariable, 

u 

19 2fi-e 

7 9 

6'3 6 9 

GO 

7133 „ 

Oepheid type. 

'7 H 

19 £00 

+ 0 63 

37-4-6 

QD 

MS « 

■ u 

p Cspkel 

31 41 9 

+ 68 53 

3-7‘4 7 

Ml 


Irregular Tariable. 

8U Cygui 

19 4S « 

+ 29 8 

6-2-7^ 

F9 

3-9 days 

Short ptriod imriatal*. 

X M 

19 46 6 

+33 48 

4’2-13-7 

Mep 

409 

Ijong period. Mira type. 

X 

24 416 

+ 35 35 

5^9-7-4 

F5p 

16-4 

Short perhxi varlabla 

w ,, 

21 54 1 

+ 45 9 

6 0 6-7 

M5 

133 „ 

Long period variabls. 

^ Lyns 

IS 182 

+ 33 IS 

3-4-41 

B3p 

19^1 „ 

The typical Lyrid Tari&ble,t 

a 

18 53 9 

+ 45 55 

4-0-4-7 

m 

46-4 

IrregnUr Tarlabla 

S Sogitta 

19 63-S 

+ 16 3D 

5 4-6-1 

GO 

8-30 „ 

Gepbeid type. 

W Sagittard 

18 1-8 

-29 35 

4 8-6-8 

¥5 

769 „ 

ft It 


16 185 

-10 59 

E-4-6'6 

GO 

6-77 „ 

1* fi 

R Scud 

18 il-fi 

- 5 46 

4 7-7'B 

asp : 

... 

Im^lar rariable. 

T Vuijujeiiiw 

20 49'3 

+ 28 3 

6’3-6‘4 

1 Fa 

4-44 daye 

Oephoid typft 


Kebiilat and CUnsierSt (Map* 
T0O9, H.IV 1, Aqnarfl, 31^ 1“ 4^ -‘UMr, 


70S9, M3 


91^*30-'I, ^ r i\ 


7093, M SO, Cjgm, 91^ 30--5, + 48' IT. 
€720, MM, Ljne, ]St53» ^o,+32'63'. 


0572. 2 A Op1wdii,lfi'l0-* -2, + 6'60r. 
7078,M15, Pc««i, aPST* 6,+ir67'^ 
6523* Ma, Saettiarii, 16^ 0* -6, - 24* 33'. 
6818, M17 „ lei-ie^'O,-16'12\ 

6656* M32 „ 35^ 3 - 33'Sr. 

6106, MU, Seirti, 18^ *8“ '3, - 8* iff. 
6853, M27, ValpsoiUe. 19*57" 4, +92'36'. 


la and I4> f ihm* 

Tta "SatQiti NcbnU,’ A Tcry bright, btaiik, planetary nebala, 
35" K 17*', Th* thin ray 1 ar anxoa are nKn with large teleieofHWj 
cmlj* PfeeodM ¥. 

A giobelar eltutar aboul 7* in diaraatei:. A ob^i In large 
tiilcaeaipea 

A large, ojpeii eltiit«r of bright rtara, well ioen with low powen. 

The ^Ring Nebula.* | the dtiilAtk^ froiti ^ towarda y. An oTal, 
planecazy, 80" x 60", wbifch haan magaifying welL A faint star 
/a seen in a 4Miieb. Tbs fainter central star ia -rieiblo in large 
initramnita only. 

A iizuill, but extremely bright, elliptical planetary nebula, T'^ fn diSr 
meter, of a bluiih eolnur, It is, perhaps, the lirighteat of ite bind. 

A grand, br^t, eandensed globular oluRter, 6' in diameter, blaming 
b the centre. 

The * lagoon Nebula,' Tinible to the naked cya. An lll^delined Dcbuloalby 
with dark patchef and stars, follow &d by an irr^uinr open cluster, 

Tbfl 'Omega' (H) or 'IlorKshoe' Nebula, A bright and large nebula, 
in ahape something like a figure 2. with a long, bright bottom 
atreak. 

A large, bright, glebulaT olujiter, about 16' In diameter, between p, 
and w. larger stars are ruddy. 

A grand, fan-shaped olueter* with bright star at apex. Hark 
etractorei to the south. 

The 'Homb-beU Kebuhk* An elHpKe with faintly InminouB notrhea. 
SeTen atara—probably nmcoMiiei^xl-^are visible in a lO-hifili 
inatminent 


* ei Oss^L llks firitslaT ts luVs its (sOwHaa Jertsmliiad, by BhhI in ISSA Tha twvston pnnUbly fnnii aImiflpsriod buiarj >y«t«ida, 
«1 j 3« they Iuti Ibc panUsX, aod Lba path at & nlatln to A b stliliMy wamv*. 

f ^ ZfT 9 . Tb* typi^ 'hjrM' sr ' Briffat-edlpHug' Tsiublii, It bai two u&W|t»I nittlta*. (ciagSi t'S sud 4'lJ, Hponleid bj two 
Mual xauitoa 4'4). Tlw TJLrisiJans nt light kTs dut !□ U»a mittusi solipM of two luuquaiJy bri|;kt itui, TSfy «lI«b togvbliar, ud 
■mpsoMal is ibips u tbs TWilt of ti&l dlllsrtiofi, Fuiod 1241 days. 













IfSlTERESTlPiQ OBJECTS. MaFS 16 & 16. <«■ ew-so'^ moJ 

COlRCUMHltJUl;, SoUTHX 


Donble Starsi 



(Epoch 

ILk. 

. i9Ra 

Magn. 


Olit, 

IHte 

1236 Apodia 

14HS“-1 

0 ' 

6 7, 0-5 

107": 

1"*9 

IMS 

L7507 

13 

6’3 

- 73 41 

5-8, 9 6 

242" i 

ro 

im 

0 CaHndi 

3 

I4fi 

-63 46 

6*3, 34) 

64*1 

3"-S 

1917 

hil 2 g „ 

3 

38'2 

^60 9 

6 4, 7-1 

313* i 

ro 

1934 

Lssie „ 

9 

17^ 

-74 41 

6*4,10*6 

6 0, 9-4 

343"! 

r*o 

lose 

li4ai3 

0 

34-3 

-ei 44 

327* E 

a"‘S 

1017 

^ II 

0 

45 9 

-64 60 

3% 64> 

128*e 

6^'0 

1 &S 8 

h430e „ 

10 

173 

-fi4 25 

7-0, 7*0 

13S^[ 

T'B 

1910 

li4363 *, 

10 

62-0 

-70 27 

6 ' 6 , 7-2 

286-^ 

i^'e 

1917 

Bm 

10 

67 3 ' 

-fll 3 

0 4,10*2 

79'^ 

3^.9 


Cor33 Centanii 

14 

11’4 

^61 23 

6*7, 8*7 

100 *^ 

ro 

liso 

a li 

U 

36-e 

-60 38 

0 3, I T 

310'- 

4'1 

1936 


10 

46 3 

-80 IS 

61, 6 4 

68 *^ 

or -6 

19^ 

* .1 

U 

6741 

-77 67 

5 4, 6*2 

183-i 

r-i 

1922 

m Gtrcbd 

14 

33 6 

-64 46 

3*4, 8-8 

235‘j 

Ifi'-S 

19ft5 

a Cmds 

13 

33 7 

-63 49 

14, 1*9 
47, 73 

119'! 

4"'7 

idsa 

S il 

12 

42-7 

-00 43 

ST*; 

S6"*4 

1992 

hSSSS Hydri 

3 

90 

-79 11 

5‘T, 7 7 

224*1 

16''*4 

leie 

h4432 Wtiwcstt 

11 

31-4 

-64 40 

5-7, 0*5 

300'! 

i ro 

1919 

L49l^ 

n 

494 

-04 50 

5 2 , 7*3 

1S9V 

1"*8 

1915 

b4l9a ,1 

12 

3’8 

-65 36 

0 * 2 , 7 9 

er 

r-T 

1916 

li 

12 

43-3 

-67 49 

3'9, 4*9 

4- 

r 6 

1954 

e 

13 

4“9 

-66 2 

6 * 8 , 3-0 

186" 

5 ** 7 ; 

|1939 

h4813 Norm* 

Ifi 

6i*3 

-60 9 

01 * 98 

99* 

r* 8 ; 

|l997 

R3@ OctantiB 

3 

60*3 

-85 26 

0 - 7 , 8*2 

346* 

S'^-l 

jLBH 

A 

21 

43-6 

-63 57 

6 * 5, 7 *7 

09* 

ri 

il9S6 

1 

f Paronia 

IS 

10*6 

-01 31 

4 3* 8 *1 

164" 

r -5 

jl966 

1U14 

18 

43-6 

^7S 3 ! 

0*3* 0*T 

209* 

r* 0 : 

jiflia 

LBE50 „ 

20 

47-6 

-62 37 

5'S, 5*8 

gr 

3 -.- 

iiase 

LeS 2 S „ 

SI 

40 

-73 22 

6 8 , 81 

U 6 * 

6 "*r 

[iTOl 

Ifi PktQRa 

B 

37 6 

-01 98 

0*4* 8*5 

209' 

ro 

%ntt 

0 Rtbcali 

i 

17*1 

-63 23 

6 2 , 80 

4* 

4 * 0 ^ 

iei7 

hSti7Q „ 

4 

53’1 

-62 66 

5*9, 6 4 

99' 

3r-o 

1917 

LG477Tdsiig.Am. 

IS 

43-6 

- 6 S 17 

6*4, 6*6 

ifir 

r*i 

i9se 

b4809 „ 

Ifr 

607 

-60 36 

6*5, 8*3 

97* 

r-i 

1S34 

jff Tucao* 

0 

29-3 

-03 14 

4 6 , 4*6 

170* 

ar-i 

1910 

Mi 

1 

140 

-09 0 

51 , 7*3 

640* 

6“ 4 

ISiO 

h3426 

1 

16*3 

-66 40 

6 3. 9*3 

33r 

r*7 

198)0 

a 

33 

8S*S 

-05 15 

4 8. 81 

233* 

ro 

! 1916 

1340 „ 

23 

490 

-63 27 

01. 9 1 

0* 

V'l 

U9K7 

y VoluitiB 

1 

9-2 

-70 25 

30* 5*8 

299- 

13"*7 

jiaas 

h3907 „ 

7 

36 4 

-74 10 

7*2, 7*3 ! 

U7' 

3"0 

; 1030 

( 

7 

43 3 

-72 29 

3*9, 9*0 

116- 

10 " *7 

i 1917 

f „ 

8 

7B 

-03 SS 

4 5, 80 

II 33* 

§'*i 

ness 


PrA, iii{!reucingH 
P.A. tsemBEiDg. 

Lj t^e cliRngfly il 

P.A. And diitaincfe slowjj decmRiijig. 

A u R doTibk; diitui« 0"'4f 10^7, 
BelAtivetj ft^ed. 

fibc€d, 

Little ohRflgi^ 

Little ehRAga, if an^. 
little obRngB, if uijf, 

* Car, ItT (InflM). 

S]iWnd{4 tdaikrj, Pr SQji^, 2cd iiB«reit ilWi 

PA, iliiifWAg. 

Blowlj iaoreuiDg P.A. 

Tallow Mud redk PA^ tJ&irljr decrea*iog. 

RfilutiTelj tiled. Teat for I4iidl. 

I>acr«Riiing P.A. 

RsiatiTalj tiKedn. 

P.A. iugreuitig elowly. 

Xdttle ohKng^, if anjr.^ 

P.A. iaetcMing. 

BalAtivel^ ti^uid, 

Relatiralj tixed* 

J!3'o ehRuga ajecfl 1577» 

PA. deortaffiBg. 

Little cbang^e. Cchlmir contraft. 

F.A. and distance inEMiMaiii;. 

- Rmk 2B- P.A. slowly deateMictf. 

A doiibled by Ihqu I89a Not »eti, 19D0. 


Little dhaiLgR, if imy. 

-TLmkacj. l^r. 

« SeUon IL 1 i"b somieei 9Eb mag. at 45" and 

♦Sttpurb Object.' Gth mag. star at OT'-S^ ISafl, 
Low powOF field iiieludfli 127, a o1o*e binary. 

RalatiTely fisei ColOiiT contrasL 
F.A. dcCTeMing. 

Ko aitpraciablfi change* 

FA. slowly incjmasmg. 

BelatiTely fixed. 

little flhangA A is a spsotrowopio binary. 




















Interesting Objects. Mafs 15 at lG~c4>ntrnuec«. 

'COmouMroiJin, BdItTh?. 

VArUble Stars. 

Epoch ISflCH 




B-A 

Dm. 

Ysr. cf ffliif. 

^pectram 1 

feried 

Fotw 

6 

Apodia 

14^ 0® '5 

-76* 33' 

5 1-66 

M3 I 

“■ 1 

Irregular variable. 

R 

Car lam 

9 310 

-62 34 


Me 

309 daya | 

Xnng period vaHable.. 

1 

li 

9 43 3 

-62 17 

36-60 

m 

3S-B „ 

€ephd.d type. 

B 

■1 

10 7'8 

-61 19 

5-8-9-0 

Me 

143 

1 Long period variahle, 

E 

Doradu 

4 36’3 

-63 10 

5 7-6-8 

M3 

360 „ ' 

N n 

R 

UlLBCK 

It 33^S 

^63 S 

6 5-7*6 

05 

o aa „ 1 

1 Short period variable. 


Faeoaii 

18 519 

-67 IB 

4-0-5iS 

P5 1 

310 ,, 1 

1 CepKoid type. 


NovOj 

PktiKiB, 1335. 6*^ 35® ^3 - 62' 35', 

Duoovered bj K., WmtflOD^ in South Afrtc% in the eirrl!^ tuuming of M&y 1325. From iti ra&gnftudo of 
3 3 on tlwt it rwe to mug. I'T on Maj 26Eii, but bj next dxy lind l&ilen to belo^ SrJ in»g. It then brightenud 
i^n, rexchlni^ nmg. I't on June tell to mog. 4 on July 4th, nnd nisa again to mag. 1'3 on August 3th. From 
that brightneu tt foUt nitb minor fluctuationi of light, till on Due. 2fith it rriui about 6th mag. In 1335 it waa 
about 8th mag,, at which It bad bMO for Mmo jeara. In hlnreb, 192S^ it wax found to conaiat of two nebnlotti 
oomponunta about C^'S diatant from oontro to eentiuv 

An oxamination of pbotographio platcu, that had been takon bafore ita disoaveiy aa a ]Mova, aliawod that it 
had boon of about t2th mag. (1811-1925), and had rinm to 5rd mag. on April IStb, 1925. 

Tbo poaition of tha Nora ii about 7* from the edge of Kubwula Major and ia Qalactic Latitude - 26'. 


Nebllls Ofld Clusters innpa is and lei 

S80S,A36Ci, Carina, 9^il®-0, —64*39'. A larg^ rich, globular dueter of IStb to 15th mag. atars 'liha the 

finest duat|* 5' in diameter. Thu centre is a hhum of oloauly- 
packed ebLre. 

5766, A2fl3, Centavri, IP 33® 'S, - 61' 2(7, A fine cluster, vkible in a biaocular, cootaining at Isaat 200 stare of 

9th to 13th uu^altude. 


4756,A30l,CnKia, 12^50® ’7, -60' 5^, Burruunding a Cruoia, a fine red atar. A brilliant and hGautiful 

oluetcr of oTer 100 stare of mrioui Ktlouia ' like a superb pie» uf 
jewellery.' 

2070,A142, Doraidhi, 6^ 33“ ’1, - 69* 3". The ' Sreat Looped Ifebula' round 30 Doradfis. A large end bright 

nebula, extremely oomplex In structure. It u Tiaible to the 
nMrod eye in the larger Mugellauis Cloud, or the KubecuJm Major. 

S753, A295, PaTenis, 10^ 6® *4, -60* 4', A large, bright, globular cluaier, 19' in diamsteri stan from 11th to 

16th msg. 


6025, A304, Triimg. AnatS^ 59* ^4, - 60' 21'. A bright, open duater of stars from the 7th magnitude dowuwardn 

104, AlS; Tucanm, 0^31“ *8, 47 Tucanteu A moat gloriona duator of 12th to 14th. magnitTide and 

fainter «tari, the central port ion being much £»mprcaefed. V faible 
in the naJeed eye as a baay 5th magnitude atar near the Nubecula 
Minor. 


362, AG2, n ^ ~ A globular aluiter, 10' in diameter, of 13th to 14th mBfuItude atan, 

with a isentral blase of cloaaly-packed stare. It ia juat viaihle to 
Uie naked eye aa a Gtb magnitude star. 
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MAP 12 















































































































